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Lake Erie has received a great deal of attention over 
the past few decades. The over-exploitation and 
extirpation of many native fish species and the 
"death" and "recovery" of the lake from industrial 
and urban wastes are familiar stories. But surpris
ingly little attention has been paid to the Lake Erie 
Islands and their flora and fauna. The idea for a collo
quium on the biogeography of the Lake Erie Islands 
was thus conceived, and in 1985, a symposium was 
held at the Ohio State University, bringing together 
some of the people and projects long involved with 
the region to record what has been learned, to place 
that knowledge in the context of the dynamics of lake 
islands in particular and islands in general, and to 
suggest what new and promising directions should 
be pursued in the future. 

The twenty-five papers in this volume were pre
sented at the Ninth Biosciences Colloquium of the 
College of Biosciences of the Ohio State University. 
The conference continued over ninety years of 
research of the Franz Theodore Stone Laboratory 
(located on Gibraltar Island) and was intended to 
encourage further biogeographical interest in the 
region. The papers cover such topics as the bio
geographic setting, near-shore distributional pat
terns, insular patterns of plants and invertebrates, 
vertebrate distributions, migration and immigration, 
succession, and physiological ecology and genetics. 

Jerry F. Downhower is Professor of Zoology at the 
Ohio State University. 
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Preface 

JERRY F. DOWNHOWER AND CHARLES C. KING 

The papers in this volume were initially presented at 
the Ninth Biosciences Colloquium of the College of Bio
logical Sciences of the Ohio State University. The collo
quium was held at the Fawcett Center for Tomorrow on 
the campus of the Ohio State University, 28-31 May 
1985 (Downhower 1985). 

When we first conceived of a colloquium on the bio
geography of the Lake Erie islands, we were not una
ware of the many and varied milestones that mark the 
history of biological research on and about this lake and 
its archipelago. The overexploitation and extirpation of 
many native fish species (Regier and Hartman 1973) and 
the "death" and "recovery" of the lake from industrial 
and urban wastes (Burns 1985) are familiar to us all. It 
seems less well understood that there exists a suite of is
lands whose biota was less well comprehended. Thus, it 
seemed appropriate that this information gap be in part 
filled with a symposium that would bring together some 
of the people and projects that have long involvement 
with the region, to record what we have learned, to 
place what we know in a context of the dynamics of la
custrine archipelagos in particular and islands in gen
eral, and to make a modest attempt to imagine what 
new and promising directions should be pursued in the 
future. We were further encouraged in our endeavor by 
the long-standing presence of a biological research sta
tion, Franz Theodore Stone Laboratory, in the midst of 
the islands. 

This laboratory and its predecessors have been main
tained in the island area of Lake Erie by the Ohio State 
University for ninety years (Langlois 1949). During that 
time there has been a steady outpouring of research 
from the residents and visitors of those stations, and 
several bibliographies exist that record those efforts 
(Abrams and Taft 1971; Herdendorf et al. 1974). Some 
contributions have been of local interest (Langlois and 
Langlois 1948), and others have been true milestones in 
the history of biology. 

"The theory of territory in bird life is briefly this: that 
pairs are spaced through the pugnacity of males toward 
others of their own species and sex . . . . " Thus begins 
Margaret Nice's classic work (1941) "The Role of Terri
tory in Bird Life," an opus that is one of the corner
stones of modern animal behavior. This thesis, which 
we all now take for granted, was first presented in 1939 
as part of a lecture series held at Stone Laboratory. 

Camin and Ehrlich's analysis (1958) of color pattern 
variation in water snakes on the Lake Erie islands re
mains one of the most widely cited examples of the in
terplay between migration (gene flow) and selection in 
natural populations (Futuyma 1979). Yet it is only part 
of a much larger picture of the composition of island 
biotas that involves unique assemblages of plants and 
animals as well as assemblages of unique animals and 
plants. Although such patterns have been well docu
mented for oceanic islands (Carlquist 1974), they are 
less frequently described on lacustrine island systems. 
Yet early in this century, Clapp (1916) described the dis
tinctive patterns and morphology of certain species of 
land snails on different islands in the lake, and more re
cently Downs (1978) and then Kraus (1985) documented 
the existence of unisexual populations of salamanders 
(Ambystoma) on the islands and in isolated pockets 
around the lake. These observations suggest the 
uniqueness of some of the species found on and around 
the islands. 

No adequate summary of our biogeographical knowl
edge of the islands is known to us, and it was not the 
aim of the conference to supply such an opus. Rather, it 
was our intent that the conference would renew and 
stimulate biogeographical interest in this region and its 
research possibilities. As can be seen from the diversity 
of papers the subject of the conference served to stimu
late contributions from workers in a wide variety of 
fields. It is our hope that such synergisms will continue. 

During the planning of this conference, we were 

vn 



Preface 

aided and advised by Ralph E. J. Boerner, C. Lawrence 
Cooper, John L. Crites, Paul A. Fuerst, Charles E. Her
dendorf, William A. Jensen, Jeffrey M. Reutter, Eman
uel D. Rudolph, and Ronald L. Stuckey. For their help 
we are truly grateful. Funds were provided by the Col
lege of the Biological Sciences and the Ohio Sea Grant 
Program. Additional support was provided by the Ohio 
Biological Survey, the Center for Lake Erie Area Re
search, F. T. Stone Laboratory, the Friends of Stone 
Laboratory, and the National Science Foundation (BSR
8314876). We are especially indebted to the many gradu
ate students in the College of Biological Sciences who 
"gophered" and helped when it was needed. Finally a 
special debt is owed to Rosemary Kullman, who kept us 
on track and going. 

JERRY F. DOWNHOWER 

CHARLES C. KING 
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1 Genetic Biogeography of Island Species: 
Perspectives and Techniques 

HAMPTON L. CARSON 

Biogeography on a Large Systematic Scale 
Global biogeography is a major preoccupation of life sci
ence. Every living species has a geography that can be 
discovered and represented at this time level of the his
tory of the earth. This primal biogeography, however, 
soon finds itself concerned with systematics above the 
species level. Plotting the distribution of a species al
most immediately leads one to consider species in var
ious groupings (e.g., species groups, genera) leading to 
questions about the origin of the family. Very soon we 
are led to consider details of the past as well as the pres
ent, so that the biogeographer must be both paleontolo
gist and climatologist. The biogeographer must also be 
enough of a geologist to understand the influence of 
vulcanism, continental drift, and glaciation on distribu
tion. The biogeographer has to be especially aware of 
ecological constraints, the effects of which may result in 
disjunct or mosaic biotic distributions. 

Many animals and plants show such vagility that 
their propagules seem to go almost everywhere. The 
resulting fallout of certain organisms over the earth's 
surface has led to what is known as "vicariance biogeog
raphy" (e.g., Croziat 1982). Other organisms clearly 
have far less ability to disperse. These differences confer 
important characteristics on the biota under considera
tion. Understanding distribution patterns depends on 
an appreciation that organisms differ greatly in these re
spects. What are needed to defuse the controversy are 
precise vagility data on particular species (see Thornton 
1983). 

The biogeographer who practices science well must 
be an extraordinarily well-informed and well-rounded 
biologist, who deals with the broad evolutionary trends 
that organisms have followed. In this essay, I wish to 
promote genetic biogeography, a branch of the science 

that is concerned with the dynamics of the evolutionary 
processes of adaptation and speciation. 

Genetics and Geography at the Species Level 
The modern evolutionary and geographical geneticist 
seeks to record and understand the amount of genetic 
variation sequestered in the populations of one or more 
selected species. Such a geneticist looks within the spe
cies for evidence of the dynamic forces and processes of 
evolution, especially for evidence of the operation of 
natural selection in populations. Biogeographical inter
est finds itself narrowed by this perspective but at the 
same time the studies acquire depth, since answers are 
sought to the fundamental questions of evolution and 
adaptation. The interbreeding local population, or 
deme, is surely the growing point of natural genetic 
change and, as such, basic data on the ecology and ge
netic geography of demes need to be gathered and 
emphasized. 

The contemporary population of a species may be 
viewed as a whole over its broad range; it is the collec
tive entity that makes up the specifically recognized or
ganism. Yet closer scrutiny often reveals a degree of 
regional difference from the larger species distribution. 
Using genetic methods, it has been possible to show 
conclusively that there is a considerable genetic compo
nent that can be recognized as contributing to the phe
notypes of the individuals in these local populations. 
Genetic variability is frequently extensive and is particu
larly significant in sexually reproducing, outcrossed 
populations. This fact is revealed particularly well by 
the method of gel electrophoresis of soluble proteins. 
Unfortunately, however, many people synonymize 
electrophoretic variability with the larger topic of total 
genetic variability, allowing the implication to stand that 
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without electrophoretic variability, there is no other ge
netic variability. The last fifteen years have witnessed a 
deemphasis on electrophoretic variability and increased 
stress on study of the adaptive responses of the organ
ism, that is, those quantitative traits that are the most 
significant from the evolutionary point of view. Meth
ods for assessing and quantifying such variability are 
only just now being developed. 

Identification of that particular part of genetic variabil
ity that is relevant to important evolutionary change in 
populations has caused problems for a long time. Ge
netic analysis of populations in the early days when the 
basic laws of transmission genetics were being worked 
out consisted of the breeding out of large "visible" re
cessive mutants, such as eye color or bristle form in Dro
sophila or virescent mutants in maize. These variants 
show sharp meiotic segregation so that the Mendelian 
nature of the transmission is easily revealed. Yet, 
clearly, these characters are no more important as build
ing blocks of adaptive responses than are most of the 
single electrophoretically detected loci. Genes of indi
vidually small effect on size, color, rate of development, 
temperature resistance, sexual behavior, etc. are diffi
cult to enumerate and localize by the methods of the 
population geneticist, yet they are clearly of paramount 
significance for the genetic adjustments of the species. 

Species on Islands and Archipelagos 
In the above section, I have argued for the use of indi
vidual bisexual species as focal points for genetic bio
geographical study. I now bring up the use of island 
species as simplified geographical and genetic systems. 
As everybody knows, it was the simplifying features of 
the Galapagos Islands that struck Darwin so strongly 
after the voyage of the Beagle. Oceanic islands, espe
cially those newly thrown up by volcanic action in the 
isolated central parts of the great oceans, present the 
most exciting and dramatic examples of "neoevolution" 
of species and adaptations. The extreme conditions that 
prevail on oceanic islands are to some degree paralleled 
in other situations on islands that fringe the continents. 
These cases have long attracted the biogeographer, who 
has uncovered many alterations in evolutionary poten
tial that call for the application of genetic methods (e.g., 
Berry 1978). 

Archipelago distributions such as those revealed by 

Wilson's early work (1959) on the ants of the Melanesian 
arc clearly trace the dispersal patterns and attenuation 
of the fauna from west to east over these islands. Colo
nizing and evolving lineages have been identified in 
such cases but the work stops short of the analyses nec
essary to describe the key genetic and population events 
occurring at the dynamic "growing points." 

With regard to dynamic biogeographical considera
tions, there is no need to confine the definition of an is
land to a literal "piece of land completely surrounded by 
water." Thus, isolated new volcanic mountain peaks of 
central Africa, such as Mounts Kenya and Kilimanjaro 
(e.g., Hedberg 1969), present very comparable biologi
cal situations in that the African lowlands serve to iso
late the biota of the peaks, a result that is conducive to 
local genetic differentiation. 

Other continental situations may also be useful. For 
example, the dramatic fall in the level of the Great Salt 
Lake of Utah in the modern era exposed land areas that 
became available for novel colonization; the work of 
Vickery (1978) on Mimulus is a fine example of the ex
ploitation of dynamic evolutionary events. In perusing 
the recent compendium of papers on fish species flocks 
(Echelle and Kornfield 1984), I am struck by the analogy 
that the fauna of some freshwater lakes bear to terres
trial islands. This is true not only in their mode of for
mation but in the key events of isolation, adaptation, 
and speciation that can be recorded in them. Exploita
tion of the scientific advantages of these cases for the 
understanding of microevolution awaits the selection of 
certain species for intensive ecogenetic study. 

Evolution: Ancient or Recent? 

The broadening of the concept of the island carries an
other important implication for evolutionary studies. 
We must be able to distinguish evolutionary events that 
are recent (neoevolution) from those which are ancient 
in the geological sense (archaeoevolution). Whatever 
the mechanisms involved, certain paleontologists and 
population geneticists have come to recognize that evo
lution usually proceeds in rapid bursts (quantum evolu
tion or punctuation) followed by rather long periods of 
stasis (equilibrium). An important implication is that 
some of the species we study may have evolved a very 
long time ago and have been held in essentially a static 
state since their active evolutionary phase was com
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pieted. In contrast, others may have undergone rapid 
change only very recently or may still be in a rapid 
phase of change. 

There has been a general tendency not to make this 
distinction in the selection of species for study and to 
consider any or all gene pools as if they were of equiva
lent significance for studying evolutionary events at this 
time level. Whereas some island biotas can be recog
nized as including newly evolved elements, recognition 
of these elements is more difficult on the continents. 
This is especially true in the highly stable tropical areas 
of the world where most of the important evolution ap
pears to have taken place eons ago, making the key 
initial genetic events exceedingly difficult or indeed im
possible to interpret. Indeed, the origins of most species 
as well as the origins of genera and families are 
shrouded in the dim recesses of past geological epochs. 
This is true also for adaptations, such as the bird or in
sect wing. 

Those opportunities that do present themselves at 
this time level are remarkably few in number but are 
nevertheless full of potential value for the understand
ing of the evolutionary processes. We must find them 
and emphasize them. 

Evolutionary Dynamism in Ohio Species 
The major circumstance that renders the state of Ohio 
interesting from the biogeographic point of view is its 
geologically recent history of glaciation. In four major 
successive advances, glaciers invaded the north and 
western areas of the state, stopping at a point that left a 
significant area of southeast Ohio uncovered by ice. Not 
only did this scouring of the ancient land surfaces drive 
most of the biota south but, more or less simultaneously 
with the final withdrawal of the ice, the river-damming 
process that formed Lake Erie occurred, with the result
ing isolation of bits of high ground as the islands of 
western Lake Erie. The details of the forest shifts that 
accompanied these catastrophic events are extraordinar
ily well recorded in the pollen deposits (see the classical 
reviews of Deevey 1949 and Goldthwait 1959, and espe
cially the recent paper of Davis 1983). 

The upshot is that within Ohio we see the ancient un
glaciated plateau of the southeast, an area neither gla
ciated nor inundated by ancient seas. Here we find 
exposed the Permian and Pennsylvanian rocks bearing 

on them a modern refugium of ancient biota. This refu
gium abuts directly on the areas to the north and west 
that were scoured by the glaciers. 

The biota now occupying the glaciated area is surely 
new and the species found there are likely to be still in a 
dynamic stage of colonization. Furthermore, the exis
tence of the refugium nearby enables us to make logical 
inferences as to the origin of these pioneering popula
tions from the southeastern part of the state. The above 
probably represents a somewhat oversimplified picture, 
since pollen studies indicate that the climatic changes 
accompanying the glaciation of the last two million 
years resulted in a major advance southward of the 
northern Canadian coniferous forest and accompany
ing retreat of the deciduous elements characteristic of 
milder climates. To what extent the Appalachians 
served as a refugium for southern elements is not fully 
clear; yet there is some evidence from pollen horizons 
that pockets of these elements remained and were the 
source of the modern spread of nonboreal elements 
back toward the north after the retreat of the ice. 

The particular species of each pollen grain in the sedi
ments cannot ordinarily be identified. The absence of 
such specific data has led many ecologists to view the 
north-south shifts induced by the glaciers as the mere 
shifting of a northern floristic province southwards and 
then back north again without much implied genetic 
change. Indeed, some of the data on isolates of boreal 
species in Texas, for example, suggest that some of the 
plants, at least, retained specific identity during the bio
climatic shifts. This is an area of population study that 
needs close attention. Some gene pools may be able to 
be moved by long-term climatic shifts without signifi
cant genetic change. Others may, for various reasons, 
undergo genetic reorganizations during these dynamic 
periods. Evolutionary forces may be set in motion re
sulting in speciation events. 

As an example of the latter type of research, I cite the 
interesting work of Stalker (1966 and earlier) on the six 
very closely related near-sibling species of the Drosophila 
melanica group of eastern North America. Using the ex
tensive chromosomal polymorphism of these geneti
cally isolated species, Stalker was able to construct a 
precise phylogeny for these forms. In turn, he was able 
to relate the present geographical distributions of the 
species to this phylogeny (fig. 1.1). 

With the exception of D. nigromelanka, which has an 
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Northern Species 

D. melanura D. paramelanica 

D. nigromelanica 

V 
D. micromelamca D. euronotus D. melanica 

Southern Species 

Fig. 1.1. The relationship between geographical range and origin 
of species in the D. melanica group. With the exception of D. ni
gromelanica, which has a very extensive north-south range, all 
species may be classified as northern or southern in their distri
bution. It will be noted that, following the phylogenetic scheme 
based on the study of inversions, in every case northern species 
are derived from southern ones, and vice versa (from Stalker 
1966). 

extensive north-south range, the species divide into two 
northern and three southern species. The phylogenetic 
scheme is such that in every case a northern species ap
pears to have been derived from a southern species and 
vice versa. Although Stalker was cautious in his inter
pretation, it is possible that this curious relationship be
tween northern and southern species is the result of 
speciation events related to the advance and retreat of 
the Pleistocene glaciers. On other grounds, Stalker sug
gests that the six species may have become differen
tiated relatively rapidly, with the intraspecific inversion 
polymorphisms being of recent origin. A detailed inves
tigation of the relevant species of this subgroup as they 
occur within Ohio, between the hill country and the gla
ciated areas, would be a very promising project in his
torical evolutionary biology. 

Although the powerful inversion phylogeny tech
nique invites study of flies with giant polytene chromo
somes, there are many other elements of the eastern 
deciduous forest that might also be exploited in a similar 
way. Furthermore, although endemic elements tend to 
attract the most attention one should not overlook the 
spread of introduced species as elements of active colo
nization. Many of these elements are novel introduc
tions into North America from Europe and elsewhere, 
having come in less than 300 years ago. In our enthusi
asm for the endemic forms, novel genetic changes 
within invasive species might be no less interesting 
from the evolutionary point of view. A word of caution, 
however: most of these species, such as the cosmopoli
tan species Drosophila melanogaster and simulans, for ex

ample, are characterized by highly polymorphic gene 
pools in which genetic balance prevails. Novel adapta
tions in them do not appear to be through genetic track
ing of the environment by single loci but rather by shifts 
in the heterotic properties of their gene pools. Weeds 
(both plant and animal) need more attention from the 
evolutionary biologist, a point made repeatedly in the 
past (e.g., Anderson 1952; Baker 1965; Harper 1965). 
Even human-made pollutions, such as mineral-laden 
mine tailings, airport runways, or inner-city vacant lots 
should not be overlooked as possible novel evolutionary 
challenges to those organisms whose dispersal mecha
nisms bring them into contact with these human-made 
environments. 

Mention was made earlier of the remarkable specia
tional events in fish that are often associated with newly 
formed large freshwater lakes. The Great Lakes, includ
ing Lake Erie, should not be overlooked. That the num
ber of monophyletic fish species in these lakes is not as 
large as the faunas of certain African lakes is probably a 
reflection of their newness. On the other hand, Smith 
and Todd (1984) have documented the diversification of 
the coregonids (ciscoes) of certain of the Great Lakes, 
suggesting that the situation may represent an early 
phase of a process of species flock proliferation. In the 
same paper, the authors deal with the exuberant specia
tion documented by the fossil sculpins of Lake Idaho, a 
rift lake about the size of Lake Ontario, that existed in 
the western Snake River Plain for about two million 
years. Where are the sculpins now? If they did it before, 
some descendants might be doing it again somewhere 
at the present time level. 

New Techniques in Microbiogeography 
As a means for tracing recent animal colonizations and 
phylogenies, the use of mitochondrial DNA (mtDNA) 
seems to be the most promising (e.g., Lansman et al. 
1983). Several properties are particularly noteworthy. 
Mitochondrial DNA consists of a small circular molecule 
that appears to be inherited in a strictly maternal fash
ion and thus it is a potentially useful marker. It can be 
used for estimating matriarchial phylogenies within and 
among conspecific populations, closely related species, 
and naturally occurring hybrids. Isolation of these mole
cules and their analysis with the use of restriction en
donucleases indicate that mtDNA evolves (changes) 
much more rapidly than the nuclear DNA, increasing its 
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usefulness in the close tracing of recently founded pop
ulations but rather restricting its use for the study of 
broader phylogenetic patterns. Curiously, the rapid 
changes observed in animal mtDNA are not characteris
tic of the mitochondria of plants. Indeed, the conserva
tism of plant mtDNA is matched by a similar 
ultraconservatism of chloroplast DNA. 

At one time it was thought that the extensive allo
zymic polymorphism existing in most plants and 
animals would have a similar ecogenetic and biogeo
graphical use. It now appears that most of this prodi
gious biochemical genetic variation is neutral to 
selection and, as such, serves rather well to estimate ge
netic distances, providing that sufficient time has 
elapsed for frequency changes and fixations to have oc
curred. In some instances, they may serve as useful ge
netic markers that "hitch-hike" on blocks of poly genes 
that are more sensitive to the environment and are re
sponding to selection. Thus species usually show dis
tinct allozymic profiles, but if the species are very new, 
diagnostic differences may not occur (e.g., Sene and 
Carson 1977 for some Hawaiian Drosophila and Turner 
1974 for the pupfish of Death Valley). 

Techniques involving chromosomal analysis of poly
tene sequences have been exploited only sparingly, yet, 
as indicated earlier, are full of promise when problems 
of neoevolution are approached. These chromosomes 
are present not only in Drosophila but also in various 
other dipteran families, including Cecidomyidae, Culici
dae, Sciaridae, Chironomidae and Simuliidae. Many 
species of the latter two families are endemic to the area 
of northern Ohio and would repay close study. As pi
oneered by Rothfels (e.g., 1979) many problems have 
been exposed, including the origin of triploids and sib
ling species. It seems likely that some of these forms, in
cluding Drosophilidae, would be found on the islands 
of western Lake Erie. The precision of the cytological 
techniques, perhaps combined with studies of mtDNA, 
hold great promise for microbiogeographical study. 

In several recent studies, Kaneshiro (1983) and Ohta 
(1978) have pioneered the development of a new and 
very promising behavioral technique which appears to 
be useful for tracing ancestry. Laboratory populations 
have been established of various Drosophila species of 
Hawaii and behavioral tests administered. If the rele
vant species is under a strong intrapopulational regime 
of sexual selection, the process has been found to be
come progressively more complicated with time. This 

especially favors the development of a complex epi
gamic system. When and if a new population, atten
uated through a founder, is derived from the older 
ancestral one, the sexual selection process can be ob
served to be altered and somewhat simplified, that is, 
the complexities of female choice are reduced and epi
gamic selection is ameliorated. When a simple labora
tory test of mating preferences is made, it is found that 
the females of the derived population are far less dis
criminatory than those of the older population. This 
circumstance can be used to trace the stepwise geo
graphical spread of populations (e.g., Kaneshiro and 
Kurihara 1981). Although some of the theoretical inter
pretations have been criticized, the approach appears to 
yield reliable estimates of ancestry providing that the 
constraints on the system are satisfied (Giddings and 
Templeton 1983). The suggestion is here made that this 
technique might turn out to be particularly useful in the 
study of populations that appear to have colonized the 
newer areas in the north of Ohio, specifically the Erie 
islands. 

The genetic variability in populations that is the most 
easy to measure, such as allozymic and inversion varia
bility, does not appear to directly underlie the signifi
cant genetic changes relating to speciation and 
adaption. The most significant changes are apparently 
shifts in the balance of polygenic combinations (Wright 
1980; Carson 1982a). This point has been emphasized by 
Parsons (1977) who has stressed that study of quantita
tive traits must make use of the special statistical tools 
available to the quantitative geneticist. He proposes 
greater use of the "isofemale" method in which the Fj 
progeny of a single female propagule from nature 
serves as the population sample. The method has been 
used mostly with Drosophila but might indeed be ex
tended to other animal or plant species that can be 
reared in the laboratory or field plot. 

A Case History: Drosophila of Hawaii 
As mentioned earlier, certain highly isolated oceanic is
lands provide especially critical tests for the relationship 
of biogeography to speciation and adaptation. Follow
ing some years of broad biogeographical and phyloge
netic work on Hawaiian Drosophila (Carson et al. 1970; 
Carson 1983a), several selected species have been pin
pointed for detailed ecogenetic study (Carson 1982b). Of 
most significance to the biogeographer is the fact that 
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the movement of the Pacific tectonic plate slowly to the 
northwest has resulted in the successive formation of 
the islands of the Hawaiian archipelago above a fixed-
position plume of molten mantle penetrating the earth's 
crust. This means that the five volcanoes of the island of 
Hawaii at the southeast end are the newest in the archi
pelago. The evidence further indicates that the present 
giant "picture-wing" Drosophila species endemic to this 
island are themselves newly formed, since K-Ar dating 
indicates the island is less than one-half million years 
old. 

Of particular interest are the two races of Drosophila 
silvestris. Like many of the large picture-winged species 
of Drosophila, the populations of this species exist under 
a highly developed regime of sexual selection. One of 
the races of silvestris (on the Kona or southwest side of 
the island) consists of a series of populations that exhibit 
an epigamic character consisting of two major rows of 
cilia on the tibia of the male foreleg. These cilia are used 
to stimulate the female during courtship; they closely 
resemble those in populations of related species from 
the older islands. On the north and east (Hilo) side of 
the island, this character has developed an apomorphic 
embellishment, with an addition of an irregular row of 
about 30 cilia. Judgment of this latter race as derived is 
supported by the behavioral data of Kaneshiro and Ku
rihara (1981). Indeed, the direction of evolution of the 
various populations of this species has been determined 
by experimental laboratory study. From an ancestral 
population on the slopes of the Hualalai volcano, it is 
possible to trace two separate sequential lineages. The 
data support the hypothesis, based on morphology, 
that the Hilo-side populations are derived from those of 
the Kona side (Hualalai, fig. 1.2). Newly obtained data 
by DeSalle et al. (1986) indicate that the mtDNA distri
bution does not conflict with this interpretation. 

The silvestris case illustrates well the power of using 
techniques that supplement ordinary biogeographical 
data and give direction to the pattern of geographical 
differentiation. This case is further noteworthy in that 
the extensive electrophoretic and inversion data avail
able for this species are rather insensitive to the major 
sexual differentiation that has occurred within the sepa
rate populations of this species. Behavior and its mor
phological embellishment show genetically based 
geographic differentiation related to the basic reproduc
tive biology of the species. 

HILO SIDE 
3 ROWS 

ISLAND OF 
HAWAII 

0 10 20 km 

Fig. 1.2. Phylogenetic relationships of six populations of Droso
phila silvestris on the island of Hawaii. The diagonal dashed line 
denotes the dividing line between populations having males 
with three rows of ciliary hairs (Hilo side) from those with two 
rows (Kona side). Arrows indicate two putative lines of descent 
stemming from the ancestral Hualalai line (reproduced from Car
son 1983b). 

Summary 
A special need exists for the development of a science of 
genetic microbiogeography. Emphasis should be on the 
use of generic techniques that will permit the tracking of 
small-scale or microevolutionary changes in populations 
of selected species. This will require the recognition and 
study of species or subspecific populations that are in, 
or have just emerged from, an active period of evolu
tionary change. Species on newly formed islands or ar
chipelagoes are likely to be particularly useful but stress 
also should be placed on populations that are entering 
habitats that have recently undergone striking ecologi
cal change, such as glaciated areas, isolated mountain 
peaks or newly formed lakes. The very recent glaciation 
of the northern two-thirds of Ohio and the recency of 
Lake Erie and its islands provide many interesting prob
lems worthy of study. New techniques in subspecific 
biogeography, for example, the use of such characters 
as behavioral differentiation and mitochondrial DNA, 
are considered valuable adjuncts to the techniques of 
gel electrophoresis and polytene chromosomal analysis. 
Some examples, drawn from work on the Drosophila of 
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Hawaii, are given in order to illustrate the power of 
these techniques to reveal active or recent evolutionary 
changes in populations. 
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2 The Geologic Setting of the Erie Islands


JANEL. FORSYTH


The geography of the Erie islands has varied through 
time as the level of the lake has varied, as this level has 
raised or lowered relative to the irregularities of the land 
surface there. Such changes in lake level have occurred 
repeatedly during postglacial time, due to a number of 
different geologic and meteorological factors, causing 
corresponding changes in both water depths and island 
sizes. In preglacial time, in contrast, there was no lake at 
all, and thus no islands, only a river flowing between 
low rocky hills. The irregularities of the land surface are 
a product of millions of years of differential erosion by 
streams of the underlying Paleozoic sedimentary rocks; 
rocks that are more resistant to erosion make hills—and 
islands. Thus, for those concerned with Erie islands or
ganisms having critical demands for specific water 
depths, certain substrates, or special shoreline condi
tions, a good understanding of the geologic setting is 
essential. 

The Paleozoic sedimentary rocks found in the Erie 
islands area are all of Silurian or Devonian age (approxi
mately 350-400 million years old), and consist domi
nantly of limestone (composed of the mineral calcite, 
made of calcium carbonate) and, more commonly, its 
magnesium-containing variety, dolomite. Variations in 
magnesium content, thickness of individual rock layers, 
color, shalyness, and/or fossils present have led geolo
gists to divide all of these rocks into a series of specific 
rock formations. These formations, together with their 
characteristic occurrences, are listed in the accompany
ing chart (table 1), arranged with the oldest unit at the 
bottom. However, it should be emphasized that, be
cause most of these formations are grey, drab, generally 
unfossiliferous, massive dolomites, distinguishing be
tween them is very difficult, even for competent geolo
gists (who for years have combined all these 
nondescript Silurian and Devonian rocks under the sin
gle nonspecific label of "Monroe"). Easiest to recognize 

are the one limestone, the Devonian Columbus Lime
stone, and the one dolomite that contains shaly layers, 
the Silurian Tymochtee Shaly Dolomite. 

All of these rocks originated as sediment in a broad, 
shallow ocean that flooded much of Ohio and surround
ing states during Paleozoic time. Evidence for this 
oceanic origin is the presence of marine fossils in the 
rocks, though the abundance of these fossils varies 
greatly in the different rock formations. Most fossilifer
ous of all is the Columbus Limestone, though corals are 
fairly common in the Amherstburg Dolomite, while fos
sils are quite rare in the Put-in-Bay Dolomite. 

The Erie islands owe their existence to the greater re
sistance to erosion of some of the rock formations pres
ent. All rocks vary in their resistance to erosion, a basic 
geologic principle that gives rise to the varied land
scapes of the world. Igneous and metamorphic rocks 
are generally the most resistant to erosion, though these 
rocks are found only in mountain areas, far from Ohio. 
Most resistant of the sedimentary rocks are sandstone 
and conglomerate, though no such rocks are found in 
the Erie islands area. Neither limestone nor dolomite 
are particularly resistant to erosion, but two of the Erie 
islands rock formations are relatively more resistant 
than are the other rock formations there (perhaps due to 
thicker bedding, more solid crystallization, or some 
other unknown factors) and thus stand higher, making 
low hills and islands. These two formations are the De
vonian Columbus Limestone (found south of Sandusky; 
on Marblehead Peninsula; on Kelleys, Middle, and Pe
lee islands; and near Pelee Point in Canada) and the 
Silurian Put-in-Bay Dolomite (found on Catawba penin
sula; on the Bass Islands; on Middle Sister and East Sis
ter islands; and on some other smaller islands in the 
northwestern part of the Erie island archipelago). The 
Silurian Raisin River Dolomite is not quite as resis
tant to erosion as is the Put-in-Bay Dolomite, but, be

13




Table 2.1 Stratigraphic Sequence of the Rock Formations in the Erie Island Area 

Rock Formation Thickness Symbol 
Age and Composition (feet) on Figures Characteristic Occurrence 

Ohio Shale 600' + Do nonresistant, so forming low 
(= Huron or Cleveland or flat land and lake-bottom bed-

Antrim) rock E of Kelleys Island; ex
posed in lake bluffs E of island 

minor units 40-80'

(Prout Limestone and Plum Brook Shale to E;

Ten Mile Creek Dolomite and Silica Shale to W)


Delaware Limestone 35' Dd	 thin-bedded limestone, so non
(fossiliferous)	 resistant, forming low, flat land 

and lake-bottom bedrock E of 
Kelleys Is.; exposed near 
Sandusky 

Columbus Limestone 60' Dc	 slightly more resistant, forming 
(= Dundee) (fossiliferous)	 eastern cuesta; Kelleys, Middle, 

and Pelee islands; Marblehead 
and Pelee peninsulas; and high 
land S of Sandusky and Cas-

O	 talia; exposed in quarries on 
w
D	 Kelleys and Pelee islands, and 

near Sandusky and Flat Rock, 
Ohio, and Dundee, Michigan 

Lucas Dolomite 30-80' Dl nonresistant, forming low flat 
(plus Anderson land and inter-cuesta lake-bot-
Dol. to W) tom bedrock; visible in bottoms 

of N quarry on Kelleys Island 
O and deep quarry at Marble-
OS head, and in quarry west of 
u Castalia (also quarried S of OS 
W Grand Rapids, Ohio, on W side 
I	 of arch) 

o	 Amherstburg 60-80' Da nonresistant, forming low flat 
w 
O	 Dolomite land and inter-cuesta lake-bot

(fossiliferous, with tom bedrock; exposed near 
large coral masses) Lakeside 
(plus Sylvania Ss. to W) 

*	 Raisin River 40-60' Sr moderately nonresistant, form-
p	 Dolomite ing NE part of S. Bass Island, 

most of middle Bass Island, Pi 
u	 and all of N. Bass Island, Mid-
o	 dle and E. Sister islands, and 

Sugar, Hen, and other smaller 
on 

islands to NW en 

< 
CO 
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Table 2.1 (cont.) Stratigraphic Sequence of the Rock Formations in the Erie Island Area 

Rock Formation Thickness Symbol 
Age and Composition (feet) on Figures Characteristic Occurrence 

Put-in-Bay 
Dolomite 

O Tymochtee 
U Shaly Dolomite 
D 

< 
5 g 
CD CD 

CO 

Greenfield 
Dolomite 

Lockport Dolomite 
(Guelph; = "Niagaran") 

35-60' Sp 

620: St 

50' Sg 

200' + SI 

slightly more resistant, forming 
western cuesta, composing 
most of S. Bass Island, plus all 
of Green, Starve, Mouse is
lands and Catawba peninsula, 
and underlying Sr on other is
lands to N and NW 

nonresistant, forming low flat 
land and lake-bottom bedrock 
west of the Bass islands; visible 
under Put-in-Bay Dolomite at 
state park and S end of S. Bass 
Island, and forming all of W. 
Sister Island (also quarried in 
Waterville, Ohio, on W side of 
arch) 

nonresistant, forming low flat 
land and lake-bottom bedrock 
west of the Bass islands 

relatively nonresistant, located 
along broad low crest of arch, 
on land and in lake 

Drawn from: Coash et al. 1957; Forsyth 1968; Forsyth 1971; Herdendorf and Braidech 1972. 

cause it lies directly on top of this more resistant forma
tion, it also helps to form some of the islands in the 
Bass-Sister Island group. 

A special type of erosion is solution (dissolution), 
which mainly affects limestones and dolomites, result
ing in the formation of caves and sinkholes in these 
rocks, though such features are much less common in 
dolomites. The Columbus Limestone is the most soluble 
of all the rock formations in Ohio, and is the unit in 
which occur all the major solution-formed caves in Ohio 
(the Ohio Caverns, Zane Caverns, and Olentangy In
dian Caves, etc.). Sinkholes are also especially common 
where this formation occurs at or near the surface. One 
of the biggest sinkholes in Ohio occurs in the Columbus 
Limestone just south of Castalia, together with many 

smaller solution features farther south, between Cas
talia and Bellevue (Tintera 1980). It is drainage down 
through the many sinkholes in this Castalia-Bellevue re
gion, into the complicated, solution-formed system of 
underground passages, that creates the "Blue Holes," 
the famous natural, alkaline-rich springs in Castalia. 
Caves are also present on South Bass Island in the Put-
in-Bay Dolomite, but their origin is not believed to be 
due to dissolution of the dolomite, but to be a result of 
the collapse of this dolomite, as gypsum in the underly
ing Tymochtee Shaly Dolomite was dissolved (Verber 
and Stansbery 1953). No sinkholes are known on the 
bottom of Lake Erie (they do not form under water), 
though a few local unusually deep spots in the lake 
(such as the 20-m-deep "Starve Island Deep" between 
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Fig. 2.1. Map showing the distribution of the Erie islands and 
their line-up in relation to bedrock geology. Boundaries are 
dashed where locations are uncertain. Crosses mark locations of 
reefs. Geologic units shown are (from oldest to youngest): Silu
rian Greenfield Dolomite (Sg); Tymochtee Shaly Dolomite (St), 
Put-in-Bay Dolomite (Sp), and Raisin River Dolomite (Sr) (where 
Put-in-Bay and Raisin River are not separated, symbol used is 
Spr); and Devonian Detroit River (Amherstburg and Lucas Do
lomites (Ddr), Columbus Limestone (Dc, which also includes the 
Delaware Limestone, and some other minor, thin units), and 
Ohio Shale (Do). Sources of information include: Bownocker 
1947; Carman 1946; Coash et al. 1957; Hough 1958; Forsyth 1971; 
Sparling 1965; Sparling 1971; Hamilton and Forsyth 1972; Her
dendorf and Braidech 1972; and personal materials supplied by 
J. E. Carman in class (1948). 

Sou td Bass I s l a n d 

South Bass Island and Catawba point—Herdendorf and 
Braidech 1972) may owe their depths to such origin. 
Sinkhole formation is also believed to have taken place 
during the Silurian Period, when these island bedrocks 
were initially being formed, because some areas of frag
mented, brecciated, but presently solid dolomite are 
found in many rock outcrops in the islands, especially 
in some shoreline cliffs, presumably representing re
sults of the collapse and subsequent recementation of 
sinkhole debris at that early time (Kahle and Floyd 
1971). 

A special characteristic of the Erie islands is that they 
occur lined up in two bands of islands extending gener
ally north-south across the lake (fig. 1). These bands 
represent the emergent tips along the crests of two cues
tas, or low asymmetrical rock ridges held up by the two 
gently dipping, relatively resistant rock formations 
there, the Devonian Columbus Limestone to the east 
and the Silurian Put-in-Bay Dolomite (and Raisin River 
Dolomite) to the west (figs. 1 and 2) (Carman 1946). The 
dip of these rock layers is downward to the southeast, 
and is indeed gentle, being far less than one degree 
(really being only about four m per k, or 20 ft per mi, ac
tually toward the east-southeast), a dip so slight that it 
is not apparent in any single outcrop or cliff. Where the 
summits of these cuestas rise above the level of the lake, 
islands are created, which, because of the gentle south
east dip of the rocks, tend to be elongated northeast-
southwest, and to have steep cliffs on the "updip" 
northwest shores and gentle shelving coasts on the 
"downdip" southeast shores. 

The reason for this gentle southeasterly dip is the lo
cation of almost all the Erie island area (and indeed of all 
of central and eastern Ohio) on the eastern limb of a 
very low, almost flat, structural arch, which has bent 
the rock layers into a very low anticline. The crest of this 
arch lies in the western end of the lake and in western 
Ottawa County, but it can be traced southwestward 

Fig. 2.2. East-west section through South Bass and Kelleys islands showing the cuesta form of the islands, the rock units, and the rock 
structure (copied directly from the famous report of Carman, 1946). 
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across Ohio to near Cincinnati, so it is called the Cincin
nati Arch, though the section in northern Ohio is some
times called the Findlay Arch. Thus, while the rocks in 
the Erie island area, east of this crest, dip gently to the 
southeast, the rock layers west of the crest of this arch, 
in the northwest corner of Ohio (and in adjacent north
ern Indiana and southeastern Michigan), dip gently to 
the northwest. 

Subsequent erosion across the updipping edges of the 
individual rock layers on both sides of the arch has ex
posed the different rock formations as northeast-south
west bands on the geologic map of Ohio (Bownocker 
1947) and in the Erie islands area (fig. 1) (Coash et al. 
1957; Forsyth 1971), bands that are very wide because 
the dip is so very gentle. Because this whole arch 
plunges gently downward to the northeast, the outcrop 
bands of the rock formations on the east side of the 
arch, in the Erie islands area, can be traced northward 
and westward around the plunging arch crest, follow
ing an upside-down "U" pattern, to the outcrop bands 
of the same formations on the west (fig. 3) (Bownocker 
1947; Forsyth 1968,1971; Herdendorf and Braidech 
1972). However, these bands are somewhat irregular 
and hard to follow, because of the extreme gentleness of 
the dip relative to the irregularity of the land surface, 
and also because of extensive cover, both of lake water 
and of the overlying glacial and lacustrine deposits. 
West Sister Island, which lies about 30 k (20 mi) west of 
the main Bass and Sister Island cuesta, is located practi
cally on the crest of the Cincinnati Arch, so its bedrock, 
the Silurian Tymochtee Shaly Dolomite, is essentially 
horizontal. 

Erosion of these rocks was accomplished by streams 
through the long interval of time following the draining, 
near the end of the Paleozoic era (about 200 million 
years ago), of the ancient ocean in which these rocks 
had been formed, and before the advance of the Pleisto
cene (Ice Ages) glaciers (less than a million years ago). 
The stream mostly responsible for this erosion in Ohio 
was the Teays (pronounced taze) River (Stout, Ver 
Steeg, and Lamb 1943; Ver Steeg 1946; Forsyth 1965a). 
This river originated in the Appalachian Mountains in 
North Carolina (where the headwaters still persist, now 
called the New River), and flowed generally northwest
ward across Virginia and West Virginia to southern 
Ohio (near Portsmouth), then northwestward across 
Ohio (to Lake St. Marys), and thence westward across 
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Fig. 2.3. Regional map showing bending of bedrock units in the 
Erie islands area around the northeast-plunging crest of the Cin
cinnati Arch to the west limb of the arch on the mainland. Geo
logic units shown are (from oldest to youngest): Silurian 
Lockport or Niagaran Dolomite (Sn), Greenfield Dolomite (Sg), 
Tymochtee Shaly Dolomite (St), Put-in-Bay Dolomite (Sp), and 
Raisin River Dolomite (Sr) (where Put-in-Bay and Raisin River 
are not separated, symbol used is Spr); and Devonian Detroit 
River Dolomite (Ddr), Columbus Limestone (Dc, which also in
cludes Delaware Limestone, and Dundee Limestone in Michi
gan), and Ohio Shale (which also includes Silica Shale and 
Antrim Shale in Michigan), and Mississippian sandstones (M). 
Sources of information include: Carman 1946; Hough 1958; Dorr 
and Eschman 1970; Forsyth 1968, 1971; Herdendorf and Braidech 
1972; and personal materials supplied by J. E. Carman in class 
(1948). 

Indiana and Illinois (in the buried Mahomet Valley) to a 
small preglacial Mississippi River. 

The Teays River is believed to have been initiated as 
the Appalachian Mountains were raised up, near the 
end of the Paleozoic era, though many drainage 
changes probably took place during its long history, be
fore its demise by the advance of the first of the Pleisto
cene glaciers. This glacier blocked and dammed the 
river, and then diverted its flow, augmented by glacial 
meltwater, westward along the glacial margin, creating 
a new, permanent river called the Ohio River (Stout, 
Ver Steeg, and Lamb 1943). Modern evidence for this 
ancient river system in Ohio is its deep valleys, now 
completely buried by glacial deposits in most of the 
state, but exposed and abandoned beyond the glacial 
boundary in southeastern Ohio, together with the an
cient river alluvium preserved within these valleys 
(Goldthwait, White, and Forsyth 1961). 
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In northern Ohio, there was another river system that 
also contributed to the deep erosion of the state's Paleo
zoic sedimentary bedrock. There was no Lake Erie be
fore the advent of the glaciers, and in its place was this 
river, named the Erigan River (Spencer 1894), which is 
believed to have flowed northeastward, along the axis 
of the present lake, to join the preglacial rivers then ex
isting in the lowlands now occupied by the other Great 
Lakes. Though glacial deepening subsequently enlarged 
the valleys of all these preglacial "Great Lakes" streams, 
Lake Erie was deepened far less than were the other 
Great Lakes because of its more southern location, 
where the ice was thinner and therefore less effective as 
an erosive agent. Because of this erosion, however, no 
clear-cut preglacial valley of the Erigan River can be 
identified within the Lake Erie basin, though buried val
leys of north-flowing tributaries to the Erigan River are 
known in many places in northern Ohio (see map no. 4 
in Stout, Ver Steeg, and Lamb 1943). The unusual 
depth—more than a hundred feet below sea level—of 
an ancient bedrock valley below the modern Cuyahoga 
River adjacent to such a shallow lake, as reported by 
Winslow et al. [1953], suggests the existence of a local, 
deeply incised river system, there and to the northeast, 
in earlier Pleistocene, pre-Wisconsinan time, though 
published depths to bedrock in the central and eastern 
basins of Lake Erie are consistently considerably shal
lower than that depth [Lewis 1966, fig. 22; Flint and Lol
cama 1986]. 

Glacial erosion not only created the Lake Erie basin, 
but also formed the grooves found in many places on 
the islands and adjacent mainland. All these grooves, 
together with the ubiquitous glacial striations, or 
scratches, in the island area are oriented, not southward 
as is found in most of Ohio, but toward the west-south
west (Goldthwait, White, and Forsyth 1961). This sug
gests that, as the melting ice covering northern Ohio 
retreated, it also became thinner and more readily di
verted toward the west-southwest by the westward ori
entation of the lake basin. Largest and most famous of 
the glacial grooves are those found on the north shore of 
Kelleys Island, apparently because this was the first 
high land encountered by the thicker ice in the Lake Erie 
basin as it advanced west-southwestward, and because 
the Columbus Limestone forming this island is espe
cially erodable by the ice. Large grooves once present in 
the rock of the north quarry, north of the site of the pre
served grooves, were quite deep and strongly winding 
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in places, but these grooves, after being photographed 
(figs. 4 and 5), were long ago quarried away. Fortu
nately even deeper grooves were revealed by excavation 
(in 1972) of the glacial and quarry-fill cover over the ex
tensions of the small original grooves in the Ohio His
torical Society's Glacial Grooves State Memorial. 

The glaciers did very little erosion farther south in 
Ohio. Shallow striations are present on the bedrock sur
face in many quarries (Goldthwait, White, and Forsyth 
1961), but the flatness of Ohio's western plains is a 
product of erosion of the bedrock by the Teays and Eri
gan rivers for 200 million years, not by a thin, melting 
glacier near the southern extent of glaciation less than 
one million years old. 

Other than erosion, the effects of the glaciers in Ohio 
were the diversion and, in places, the destruction of 
many preglacial streams, and the deposit of extensive 
accumulations of glacial and lacustrine materials. Most 
significant of all the stream diversions was that of the 
Teays River, diverted westward by the first of the Pleis
tocene glaciers to form the Ohio River, but there were 
also many other diversions. Some of these diversions 
were created by the same earliest glacial advance that 
diverted the Teays River (the first of the one or more 
pre-Illinoian glaciers, once called "Kansan" or "Nebras
kan", dating from more than a half million years ago), 
some were done by the Illinoian glacier (dating from 
about 150,000 years ago), and some were a product of 
one of the two stages of the latest, or Wisconsinan, gla
cier (occurring first about 70,000 years ago, and then 
about 20,000 years ago). One of the most interesting is 
the diversion, by the Illinoian or an older glacier, of sev
eral tributaries of the Teays River in the Mohican area of 
northeastern Ohio, where drainage of these streams 
was blocked and then diverted to the south up the small 
valley of a minor tributary, whose valley became deep
ened by the intense, meltwater-augmented flow into the 
deep, impressive sandstone gorge now visible in Mohi
can State Park. Other interesting glacial diversions are 
those of the Kokosing (Knox County), Licking (Licking 
County), and Hocking (Fairfield County) rivers and of 
Salt Creek (Hocking/Vinton counties) and Wakatomika 
Creek (Knox/Licking counties) by the Illinoian glacier, 
and those of Rush Creek (Fairfield County) and Sharon 
Creek (Hamilton County) by the Wisconsinan glacier, 
and there are many more (Stout, Ver Steeg, and Lamb 
1943; Root, Rodriquez, and Forsyth 1961; Forsyth 
1965b). 
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Fig. 2.4. View of 
ancient glacial 
grooves on Kelleys 
Island that were 
once present north 
of present grooves 
and were de
stroyed when rock 
of north quarry 
was quarried away. 

No such diversions took place in the Erie island area. 
All preglacial streams here, including the Erigan River, 
were simply destroyed by the advancing glacier, their 
valleys either being enlarged by erosion, as in the case 
of the Erigan River, or buried by glacial deposits, as in 
the cases of the smaller streams tributary to the Erigan. 

Glacial deposits cover about three-fourths of Ohio 
(Goldthwait, White, and Forsyth 1961; White 1982), and 
are present throughout the Erie islands area, though 
these deposits on the islands are generally very thin (or 
lacking) over the bedrock of the cuestas. Most such de
posits are made of glacial till, which is basically clay 
with an unsorted admixture of silt, sand, pebbles, and 
boulders, material frozen into the ice farther north, and 
then deposited here when the ice melted. Where this till 
is spread uniformly over the ground, or occurs as a thin 
cover over shallow bedrock, conditions found through
out the Erie islands area, the deposit is called ground mo
raine. Farther south in Ohio, many end moraines, or belts 
of higher, irregular accumulations of glacial till were 
formed along the edge (end) of the glacier when it 
stayed in one place because the rate of glacial advance 
just equalled the rate of ice melting. No end moraines 
occur on the islands or adjacent mainland, but several 
end moraines cross the bottom of Lake Erie east of 
the islands, forming low, somewhat sandy, irregular-
surfaced submarine ridges (Hartley 1961). 

The glacier also left gravel deposits in Ohio, materials 
that were washed and sorted and then deposited by gla
cial meltwater (Goldthwait, White, and Forsyth 1961). 
Gravel deposits formed in openings in the glacier in
clude katnes (gravel hills formed in holes in the ice), es-

Fig. 2.5. View of 
ancient glacial 
grooves on Kelleys 
Island that were 
once present north 
of present grooves 
and were de
stroyed when rock 
of north quarry 
was quarried away. 

kers (gravel ridges formed in tunnels within the ice), and 
outwash (gravel washed down valleys away from the 
glacier). However, none of these gravel deposits occur 
in the Erie islands area, because once the glacial margin 
had retreated north of the Ohio divide (the belt of 
higher land separating drainage north to Lake Erie and 
south to the Ohio River, and lying approximately along 
an east-west line through Lima, Kenton, Marion, and 
Canton), meltwaters from the glacier ponded between 
the low divide ridge and the ice edge, and lake deposits, 
not meltwater-stream deposits, were made. These lake 
deposits include narrow beaches and sandbars of sand 
and fine gravel, marking the shorelines of a number of 
short-lived, ice-dammed lakes, and extensive areas of 
lake-bottom silts and clays. 

Many different levels of such ice-dammed lakes oc
curred in the Lake Erie basin during the retreat of the 
Wisconsinan glacier (a history that probably also took 
place following the retreat of the earlier Pleistocene gla
ciers, though no geologic record exists to confirm this). 
The level of any lake is basically determined by the ele
vation of its outlet. For the different levels of the late-
glacial, ice-dammed lakes in the Lake Erie basin, with 
their modern Niagara outlet blocked by the glacier, it 
was the lowest ice-free outlet to the west that deter
mined the level of each lake. Earliest of these outlets 
was one through Fort Wayne, Indiana, leading south
westward down the Wabash River to the Ohio River; 
later outlets lay farther north, in Michigan. With ice re
treat, exposure of a lower outlet would have triggered a 
sudden flood down the new route, with an abrupt low
ering of the lake level to the elevation of the new, lower 
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outlet. With ice readvance, burial of the active outlet by 
ice would have caused a slow rise in lake level until the 
elevation of the lowest of the next higher ice-free outlets 
was attained. Because ice retreat was interrupted many 
times by readvances, many different glacially related 
lake levels are recognized in the Lake Erie basin, each 
with a different name. 

The sequence of these lake levels in the Lake Erie 
basin, caused by the alternate retreats and readvances 
of the receding Wisconsinan glacier, is famous and has 
been known since the early work by Leverett (Leverett 
1902; Leverett and Taylor 1915). These lakes, each iden
tified by beaches at the elevation of the lake, vary from 
the earliest, highest Lake Maumee levels (244-238 m, or 
800-760 feet), down to Lake Arkona (216-212 m, or 710
695 feet), Lake Whittlesey (223 m, or 735 feet), Lakes 
Warren/Wayne (210-201 m, or 690-660 feet), and some 
lower, less well-developed levels (table 2). All of these 
lake levels, though presented in many published 
sources (Leverett 1902; Leverett and Taylor 1915; For
syth 1959; Dorr and Eschman 1970; Calkin 1970), are 
listed here for easy reference (table 2). Elevations given 
for these beaches are for Ohio only; elevations of all 
beaches rise to the north—in Michigan, in Pennsylvania 
and New York, and in Ontario—because the land to the 
north had been weighed down isostatically by the 
thicker ice there, and when these lakes were present, 
the land was still isostatically low, later rising to give a 
modern tilt to the beaches (in Ohio, the ice was appar
ently always too thin to have weighed the land down or 
thus to have allowed it to rise up later). Subsequent full 
isostatic recovery has tilted some beaches up by as 
much as 61 m (200 ft) between Ohio and western New 
York (Calkin 1970). 

On the islands, glacial and lacustrine deposits are 
generally very thin and even lacking in places. Thin till 
(thicker only very locally—Hamilton and Forsyth 1972) 
is most common; the bedrock is actually exposed at the 
surface in many places and, even where thin till is pres
ent, the shallow bedrock seems to have a greater influ
ence on island substrates than does the till (Hamilton 
and Forsyth 1972). Some low areas on the islands and, 
more commonly, along the adjacent mainland shores 
have extensive deposits of lake-bottom silts and clays 
lying on till or bedrock. Abandoned beaches and sand 
bars, locally associated with sand dunes, occur on the 
mainland in many places, but are recognized in only a 
few places on the larger islands. 
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Soils reports help to identify these different materials, 
though the soils report of Ottawa County (Paschall et al. 
1938) is old, and some soils names have changed (Ham
ilton and Forsyth 1972). In general, flat areas of till are 
characterized by Hoytville soils, areas of lake-bottom 
silts and clays have Haskins or Toledo soils, areas of an
cient beaches or sand bars have Belmore or Rawson 
soils, and shallow limestone/dolomite bedrock is identi
fied by Romeo soils (Paschall et al. 1938; Redmond et al. 
1971; Hamilton and Forsyth 1972; Stone et al. 1980). 

The final retreat of the ice from the eastern end of 
Lake Erie, where it had been holding back the lake 
waters, is believed to have led to a catastrophic outflow 
of these waters eastward (Lewis 1969; Forsyth 1971; For
syth 1973). This critical retreat must have taken place 
about 12,500 Y.B.P. (years before present) because radi
ocarbon dates from the Lake Ontario area show that the 
ice had already retreated from the Erie basin far enough 
north, by that time, to be holding in a small lake, Lake 
Iroquois, in the Ontario basin (Karrow, Clark, and Ter
asmae 1961). The Wisconsinan glacier had left northern 
Ohio and begun the sequence of ice-dammed lakes in 
the Erie basin only about 14,000 Y.B.P. (based on a radi
ocarbon date from Williams County [Goldthwait 1958; 
Forsyth 1961]), so this Lake Ontario date of 12,500 Y.B.P. 

means that the entire sequence of the dozen or so lake 
levels in the Lake Erie basin took place very fast, in a pe
riod of not more than 1,500 years. In addition, the Buf
falo/Niagara area of western New York must still have 
been isostatically low at that early postglacial time, 
lower than present by about 45 m (150 ft) (estimated 
from subsequent amounts of tilt upward by the glacial 
lake beaches between Ohio and the Niagara outlet 
[Lewis 1969]), so that, with the retreat of the glacial-ice 
dam, almost all the water backed up in the Lake Erie 
basin flowed catastrophically out to the east, across cen
tral New York and down the Mohawk valley. This must 
have been a tremendous flood, traumatic for any 
aquatic organisms living in or adjacent to these cool, ice-
marginal waters. (Recent interpretations [Eschman and 
Karrow 1985; Calkin and Feenstra 1985] suggest that 
such eastward flooding occurred briefly several times 
earlier than this final event, but each time it took place, 
however briefly, the outflow to the east must have been 
catastrophic and the effect on any organisms present 
traumatic.) 

Each time it occurred, the process must have been 
much like what goes on annually at Lake George in 
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Table 2.2 Classical Sequence of Late-glacial Lakes in Lake Erie Basin arranged in order of formation, 
the oldest at the bottom 

Lake Elevation Outlet Notes 

Modern Lake Erie 173 m (570') Niagara reached present level in last 
400-1,000 years; tiny lake, 

Early Lake Erie 128 m (420') Niagara created by catastrophic flood 
about 12,500 BP, followed by 
long slow rise of lake level 

Elkton 187 m (615') "| N. Michigan fragmentary beaches; lower-
Lundy (Dana) 189 m (620') I (S. Pen.) ing levels may be due to 
Grassmere 195 m (640') J (or east?) erosion of outlet 

Warren III 203 m (675') Grand R., Mich. ^ lowering levels may be due 
Wayne 
Warren II 

201 m (660') 
206 m (682') 

Grand R., Mich. 
Grand R., Mich. 

L to erosion of outlet 

J 
Warren I 210 m (690') Grand R., Mich — strong beaches near 

Cleveland 
Whittlesey 223 m (735') Ubly, Mich. strong beach; dated 12,800 

BP 
Arkona 212-216 m (695-710') Saginaw/Grand R. 
Maumee III 238 m (680') Imlay, Mich. strong beach 
Maumee II 232 m (760') E. of Imlay; 

till covered (Eschman 1978) 
Maumee I 244 m (800') Wabash R., Ind. not present on Defiance Mo

raine (older?) 
(= buried lake clays in Se
neca Co.?—Echelbarger 
1978) 

Small local ice-marginal lakes near Lima 
Glacier retreated from Ohio mainland about 14,000 years BP 

Drawn from Leverett 1902; Leverett and Taylor 1915; Hough 1958, Hough 1963; Hough 1966; Dorr and Eschman 1970; 
Eschman 1978. 

Alaska today, where damming of a stream by the Knik about 45 m, or 150 ft, low) had ended, almost no lake 
Glacier blocks a river and creates this lake each winter, was left. Three small ponds probably remained, one in 
followed, during the warmth of the subsequent sum- the deeper eastern basin and one west of each of the 
mer, by glacial retreat and catastrophic drainage of the two end moraines that crosses the lake bottom, one near 
lake (Alseth 1952). The process begins by water seeping the Ohio-Pennsylvania line (Hartley 1961; Forsyth 1971, 
along the contact between the glacier and the higher 1973) and one between Lorain and Pelee Point (Coakley 
land, water that first melts, then erodes the ice, acting and Lewis 1985). Wet areas certainly persisted on this 
faster and faster as more and more water pours low, poorly drained lake bottom, but the newly exposed 
through, until a tremendous flood occurs. In the much land became available to land-dwelling organisms for 
larger but shallow Lake Erie, when this tremendous colonization and for migration to the rocky hills that 
outflow over the Niagara sill (that was isostatically were later to become islands. 
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Then, as the Niagara outlet slowly rose isostatically, 
lake level also rose, and lake waters flooded out over 
greater and greater extents of old lake bottom. Based on 
radiocarbon dates of samples both from the bottom of 
the lake and from nearby shores (Lewis et al. 1966; 
Lewis 1969; Coakley and Lewis 1985), the initial rate of 
rise of the waters must have been about 20-25 m (60-75 
ft) per century, later lowering to a mere two feet per 
century with a rise in the water level to above present 
levels about 4,000 years ago, apparently due to a flood 
of waters from the upper Great Lakes as earlier outlets 
were raised isostatically and abandoned (though details 
of this recovery are much more complicated than are 
suggested here—Coakley and Lewis 1985). Because of 
the shallowness of the western lake basin, where the 
Erie islands are located, lake waters did not penetrate 
this area until about 4,000 years ago, so these future is
lands remained rocky hills, accessible to land-animal mi
grants, for about 8,000 years. It is this rising lake level, 
resulting from the isostatic rise of the Niagara outlet, 
that has caused the flooding of the lower courses of 
Ohio rivers tributary to Lake Erie, such as the lower 
Maumee, the lower Sandusky (e.g., Sandusky Bay), 
Old Woman's Creek, and others. 

That rise in lake level is basically now over (Moore 
1948). Recent high water levels are a result of modern 
meteorologic conditions (more precipitation and less 
evaporation in recent years) and are not a result of this 
isostatic rise, which has now really terminated. The 
modern high lake levels (created by the increased pre
cipitation) may be additionally increased, for periods of 
several hours, by wind set-up (seiche), and the resulting 
high water levels cause waves to break higher up on the 
shore, this causing more damage (especially where the 
shore materials are easily eroded lacustrine silts and 
clays, a common condition along the mainland shore). 

The almost complete separation of Catawba "island" 
is one result of modern wave erosion. Waves striking 
the easily eroded lacustrine materials composing the 
shore near Port Clinton, since the time when the lake 
reached its present level, have caused extensive erosion, 
which ultimately cut back far enough to intersect the 
valley of the Portage River there, diverting its flow into 
Lake Erie. The old abandoned lower portion of the Por
tage valley remains as an elongate east-west pond, par
allel to Ohio route 163, that extends eastward and then 
northeastward, following the old pre-capture course of 
the river, and joins Lake Erie north of East Harbor State 
Park. 

Thus, the Erie island area is characterized by two 
cuestas on Paleozoic sedimentary rock (Put-in-Bay Do
lomite and Columbus Limestone) flooded by a lake that 
was created by glacial erosion of a preexisting river val
ley (Erigan), the surface of the islands being mainly 
shallow limestone or dolomite with a thin cover of till, 
while mainland shores have generally deeper rock and 
thicker covers of glacial and lacustrine deposits. Late-
glacial retreat led to a great flood eastward, causing a 
catastrophic emptying of the Lake Erie basin that lasted, 
in the shallow western end, about 8,000 years. Isostatic 
rise of the Niagara sill has raised the lake to modern lev
els, but recent shoreline flooding is due to excessive 
rainfall, not to this isostatic rise, which is now ended. 
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3 The Climate of Western Lake Erie's Island Region


CARLW. ALBRECHT


Lake Erie, the southernmost and shallowest of the Great 
Lakes, lies between 41° 20' and 43° 00' north latitude 
with approximately an east-northeast and west-south
west orientation. Its water surface of about 9,900 square 
miles constitutes about 30% of the total land-water area 
of the Lake Erie basin (Cooper and Herdendorf 1977; Ei
chenlaub 1979). The island region is in the shallow west
ern basin of Lake Erie. 

Within the Lake Erie basin, the elements of climate 
generally belong to the patterns expected considering 
the lake's position in the Great Lakes basin, although 
the island region itself deviates in some respects from 
the patterns of the neighboring land. Within the Lake 
Erie basin, annual air temperature means range be
tween 47 and 51° F; the highest mean monthly tempera
ture occurs in July (70 to 75° F) and the lowest in January 
(24 to 28° F). Mean annual precipitation is about 35 in 
with individual means between 32 and 38 in for the sta
tions in the basin. Total sunshine is about 70% of the 
available hours in midsummer (the greatest) and only 
about 40% in winter (the least), even though 70% of to
tal precipitation for the year occurs between March and 
August. Frequent periods of fog occur. Although pre
vailing winds come from the southwest, the strongest 
winds are westerly with a secondary maximum from the 
northeast (Cooper and Herdendorf 1977). 

The balance of water in Lake Erie between input and 
loss has been summarized by Cooper and Herdendorf 
(1977) as follows: "The large expanse of water [of Lake 
Erie] affords a great opportunity for evaporation, and 
the amount of water lost in this manner is nearly equiv
alent to the average precipitation over the lake. During 
dry periods more water may be evaporated from the 
lake than flows into it from all of its tributaries. Under 
these conditions Lake Erie delivers into the Niagara 
River a smaller quantity of water than it receives from 
the Detroit River." More will be said about evaporation 
over the islands themselves below. 

The so-called island region of western Lake Erie, lying 
entirely within the lake's western basin near its joining 
the central basin, includes twenty-three islands: nine in 
Canada (Canadian Hydrographic Service 1985) and 
fourteen in the United States (U.S. Department of Com
merce, 1979 and 1983). Adjacent to the islands to the 
north lies the southwestern tip of the southern Ontario 
peninsula, between Lakes Ontario, Erie, St. Clair, and 
Huron. This part of Canada is southernmost and has 
the mildest climate (Watson 1982). To the south, Ca
tawba Island and the Marblehead Peninsula of Ohio's 
northern, lake shore are adjacent to the islands. In addi
tion to the "island region" there are island groups in 
western Lake Erie near the mouth of the Detroit, Hu
ron, and Maumee Rivers, and in North Maumee and 
Sandusky bays. 

The climate of the island region (sensu strictu) differs 
from the neighboring mainland with respect to several 
climatic elements; variations include temperature, pre
cipitation, and solar energy (Verber 1955), as well as 
cloud cover and winds. However, it will be shown that 
the variations are not just between islands and main
land, in a simple either-or situation. Rather, a complex 
system of relationships exists, with different sets of lo
cations involved in the different climatic element 
comparisons. 

Incoming solar radiation in the Great Lakes basin, 
which averages about 330 langleys per day, varies 
through the annual seasons with changes in day length 
and elevation angle of the sun; the daily maximum of 
about 530 langleys is received in June and the daily min
imum of about 105 langleys is received in December 
(Phillips and McCulloch 1972; Eichenlaub 1979). Differ
ences in solar radiation occur within these annual 
cycles, and are related to lake proximity. In one study, a 
shoreline station (Sault Ste. Marie Airport in Michigan) 
was compared with an inland station at Ottawa, On
tario (which is close outside the basin and within one 
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degree of latitude of the first station); it was found that 
from September through March slightly more solar ra
diation was received at the inland than at the lakeshore 
station, while from April through August the reverse 
occurred, with in excess of 5% more radiation being re
ceived at the lakeshore than the inland station (Phillips 
and McCulloch 1972). Similar results were obtained in 
comparing a Put-in-Bay station on South Bass Island in 
Lake Erie with two nonisland stations (both within the 
Great Lakes basin): during most of the warm season, 
higher incoming solar radiation was measured at the is
land station than at the two inland stations, and, during 
the period November through February nearly equal or 
less radiation occurred on the island (Verber 1955). This 
phenomenon has been explained in part by the greater 
cloud formation occurring over lakes during autumn 
and winter as cold air moves over relatively warm 
water, and the reversal in late spring and summer as 
daytime heating raises land temperatures more than 
those of water (Phillips and McCulloch 1972; Verber 
1955). From the limited data available, it appears that 
this difference in solar radiation exists between the is
lands and the mainland of the basin. 

This discussion of radiation has considered only in
coming radiation. If one considers net radiation, includ
ing losses through reflection, terrestrial radiation, and 
other means along with the incoming solar radiation, 
then a somewhat different picture results: at three sta
tions in or near the Great Lakes basin a net loss has been 
found during December and January at all three sta
tions, and during an extended period of November 
through February at the northern two stations (Phillips 
and McCulloch 1972, chart 44). Similar losses probably 
occur in the island region, but since I have no similar 
data for island stations, I cannot say in what way the is
lands might differ from the basin as a whole. 

Cloud cover has been described as possibly the sec
ond most important climatic element, after solar radia
tion, because of its influence on radiation gain and loss 
(Stringer 1972). During the winter, the Great Lakes 
basin is among the cloudiest areas in North America 
(Baldwin 1973; Eichenlaub 1979; Hare and Thomas 
1979). Differences in temperature between land and lake 
water (with the water warmer than the land) lead to ris
ing air over the water, with contributions of moisture to 
the air by the water. Also, the frequency of frontal sys
tems in the basin during winter months adds to the 
cloud cover. In contrast, during the warmer months, 
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when lake water is often cooler than the land, convec
tive lifting is more likely to occur over land, and the 
lakes may act to suppress certain types of clouds (Ei
chenlaub 1979). As noted above, this contributes to rela
tively more sunny weather over the lakes than over 
nearby land during the summer. 

Temperature, as an important manifestation of solar 
energy and an element of both weather and climate, is 
recorded and reported in a number of ways. A few of 
these will be discussed here in the context of the Great 
Lakes' location in an area of continental climate, and 
through comparisons of the island region with the 
nearby mainland. As noted above, monthly mean tem
peratures and the temperatures of the coldest and 
warmest months in the Great Lakes basin fall within the 
limits set for temperate, continental climate. However, 
since lakes moderate the climate of their immediate vi
cinity in marine fashion to an extent roughly propor
tional to the size of the body or bodies of water (Miller 
1943), and since the Great Lakes are sufficiently large 
enough to simulate marine climate over both water and 
nearby land (Watson 1982), some of the measurements 
of temperature in the island region are not as might be 
expected. This involves one of several phenomena com
monly referred to as the "lake effect." For example, the 
January isotherms for mean monthly temperature over 
North America are displaced northward over the Great 
Lakes area to the extent that in the mid-Lakes area 
(moving west to east) they lie 150 to 250 mi north of 
points to the west or east of the basin (Miller 1943). 
However, the lake effect on January mean temperatures 
does not seem to extend to the local level, thus addition
ally influencing the area around the island region. 
Eighteen stations within a 50-mi radius of South Bass Is
land show no appreciable differences in January tem
peratures between stations on the island or lakeshore, 
and inland stations. One explanation suggested for this 
phenomenon is that the frozen lake surface accounts for 
the January island temperature being colder than might 
be expected (Verber 1955; Stuckey 1977). On the other 
hand, lake effect on monthly mean temperatures at the 
local level can be seen in spring and early summer, 
when water temperatures are cooler than air tempera
tures, and again in late autumn and winter, when water 
temperatures are usually warmer than air temperatures 
(Phillips and McCulloch 1972). Therefore, monthly 
mean temperatures in the island region as compared 
with the mainland in the near vicinity are generally 
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lower in spring, higher in autumn, and about the same 
in summer and winter. 

Lake Erie also has an effect in the island region on the 
mean monthly temperature range, that is, the variation 
between maximum and minimum temperatures. This 
range is noticeably lower on South Bass Island than on 
nearby inland stations (Verber 1955; Stuckey 1977). 
South Bass Island has a mean monthly temperature 
range of about 14° F, while the average of this range for 
five inland stations within a 50-mi radius is about 21° F 
(U.S. Dept. of Commerce, Weather Bureau 1956, 1964; 
Verber 1955). Figures for four lakeshore stations in the 
area fall between those for the island and at the inland 
areas. 

Another measure of temperature used by authors is 
the comparison of differences of mean temperatures be
tween winter and summer, with corrections for differ
ent latitudes. This comparison is sometimes referred to 
as continentality as an expression of the position of a 
station within a continent, where a region responds to 
the more rapid heating and cooling rates of the large 
landmass surrounding it. The climate of the Great Lakes 
basin is primarily continental with relatively large an
nual ranges of temperature. However, the presence of 
the lakes within the basin leads to a noticeable reduction 
of the differences between mean winter and summer 
temperatures along lakeshores, including Lake Erie (Ei
chenlaub 1979). 

This rather general view of continentality pertains to 
the Great Lakes basin as a whole. At the level of the is
land region within the western end of the Lake Erie 
basin, differences between the mean winter and sum
mer temperatures are not simply a matter of lake versus 
mainland, and differences that do occur are small. The 
island region does not differ substantially from main
land stations in the lake basin to the southwest and 
west. However, compared with stations to the south 
and southeast, the winter-summer mean temperature 
differences are somewhat greater, rather than less as 
might be expected (Eichenlaub 1979; Alexander 1924; 
Hambidge 1941; U.S. Dept. of Commerce, Weather Bu
reau 1956,1964). 

Yet another expression of temperature, one that has 
appeared in the literature now for over a century, is the 
length of the annual frost-free period. The island re
gion, and small portions of the mainland shoreline, 
have the longest frost-free period of any area in Ohio, 
Michigan, or Ontario (Hambidge 1941; Hare and 

Thomas 1979), with earlier last killing frosts in spring 
and later first killing frosts in autumn (Stuckey 1977; 
Hambidge 1941). This should not, however, be con
strued to indicate a long growing season, since spring 
temperatures are retarded somewhat by the cooler lake 
water, and threshold temperatures relating to spring 
blooming of plants occur much later on the islands than 
on the mainland (Stuckey 1977; Verber 1955). 

In the island region, the prevailing wind direction 
throughout the year has been described as being from 
the southwest with a tendency for shifts to the west and 
northwest during winter months (Verber 1955). Wind 
records for three stations in the Lake Erie basin and 
within 50 mi of the island region (Windsor, Detroit, and 
Toledo) indicate the following seasonal variation: in 
winter, northwest through southwest; in spring, no pre
vailing direction, although strongest winds occur dur
ing this season; in summer, both south to southwest 
and north to northeast occur as prevailing directions; 
and in autumn, south through southwest prevail (Phil
lips and McCulloch 1972; Ruffner and Bair 1981). 

Wind velocity can increase as air moves from over 
land to over water, and surface friction decreases; the 
reverse can occur as air moves from water to over land, 
with a decrease in wind velocity (Eichenlaub 1979). This 
phenomenon has been reported for the island region by 
comparing the Toledo, Ohio, station (about five mi from 
the Lake Erie shore) with the Put-in-Bay station on 
South Bass Island: Toledo has a mean annual, hourly 
wind velocity of 11.3 mi/hr and Put-in-Bay has a higher 
speed of 12.8 mi/hr (Verber 1955). Sandusky, Ohio, on 
the mainland shore near the island region, has a mean 
velocity of 12.5 mi/hr (Alexander 1924). 

Another aspect of wind in the island region is lake 
and land breezes during spring and summer. These re
sult from diurnal temperature and pressure changes in 
the air over land and water occurring at different rates. 
Land temperatures rise rapidly during the daytime, and 
air near the surface becomes less dense, leading to 
slightly decreased air pressure. Nearby water tempera
tures rise more slowly; the air above the water remains 
relatively cooler than air over the land, and is denser 
and higher in pressure. "Consequently a pressure gra
dient is set up between the air over the cool water 
(dense, higher pressure) and the air over the warmed 
land (less dense, lower pressure)" (Eichenlaub 1979). 
Air moves from over the water toward the land, with re
turn flow above the surface breeze. During the night
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time, the reverse pressure gradient develops to a lesser 
extent, and air moves toward the warmer water with re
turn flow aloft (Eichenlaub 1979). 

Half of all summer days in the Great Lakes area have 
been calculated to have light, off-lake winds along 
shorelines characteristic of the lake breeze (Phillips and 
McCulloch 1972). Although less information is available 
for small islands, capes, and peninsulas, lake breezes 
have been observed over South Bass Island (Anderson 
1985) and Marblehead Peninsula, just south of the is
lands (Hannes and Hannes 1985). Therefore, the island 
region is similar to nearby, mainland shore areas in 
terms of wind velocity and the so-called lake breeze, but 
differs from inland stations in both respects. 

Wind is a factor associated with at least two other ele
ments of ecology in western Lake Erie, involving the is
land region and the lake waters: Verber (1953) reported 
a direct correlation between wind movement and sur
face water flow; and strong winds are involved in the 
piling of water at the downwind end of Lake Erie, some
times referred to as set-up, and the subsequent oscilla
tion of water level, known as seiche, as winds subside 
and water levels lower. 

Precipitation in the island region exhibits two charac
teristics which can be attributed to the effects of large 
lakes on continental climate. First, the marked seasonal
ity of precipitation occurring in continental areas not in
fluenced by lakes is greatly diminished. Continental 
stations often experience a pronounced summer precipi
tation maximum, with the winter precipitation (Decem
ber through February) being only about 20 to 30% of the 
summer precipitation (June through August) (Phillips 
and McCulloch 1972). In contrast, the winter precipita
tion in the island region approaches 75 to 80% of the 
summer precipitation (Hambidge 1941). This is a charac
teristic of much of the Great Lakes basin, extending to 
areas well beyond the basin itself, and does not distin
guish the island region from adjacent mainland areas. 

On the other hand, the second characteristic of pre
cipitation in areas of lake-influenced climate is local and 
contributes to the distinctiveness of the island region cli
mate. That characteristic is the total annual precipita
tion. It is less at stations in the island region than at 
mainland stations away from Lake Erie to the south. 
Mean annual precipitation in the island region (based 
on data from six stations including Catawba Island and 
Marblehead Peninsula) ranges from 26.7 to 31.7 in (see 
table 1); for six mainland stations, which are south of 
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Table 3.1 Mean Annual Precipitation in the Island 
Region (including Catawba Island and Marblehead 
Peninsula) 

Station Mean Annual Precip.' 
(inches) 

North Bass Island 26.70 
South Bass Island 28.99 
Gibraltar Island 28.86 
Kelleys Island 31.74 
Catawba Island 28.19 
Danbury (Marblehead 29.22 
Peninsula) 

a) Alexander (1924); Hambidge (1941) 

Table 3.2 Mean Annual Precipitation at Mainland 
Stations South of the Island Region 

Station Mean Annual Precip.' 
(inches) 

Tiffin 36.99 
Bucyrus 38.39 
Fremont 35.87 
Norwalk 35.91 
Findlay 35.96 
Upper Sandusky 38.81 

a) Alexander (1924); Hambidge (1941) 

the island region and within the Lake Erie drainage 
basin, and between 10 and 50 mi away from the lake-
shore, the range is from 35.9 to 38.8 in (see table 2) 
(Alexander 1924; Hambidge 1941). Two factors have 
been suggested as influencing the annual precipitation 
in this way, especially in the summer: first, the deflec
tion of thunderstorms around the western end of Lake 
Erie by air turbulence at the land-water boundary (Ver
ber 1955); and second, while higher air temperatures 
over land can maintain energy needed to develop thun
derstorms, comparatively lower temperatures over the 
lake are often insufficient for thunderstorm develop
ment (Cooper and Herdendorf 1977; Verber 1955). Lake-
shore stations near the island region appear to have 



28 P A R T I 

mean annual precipitation amounts that fall between 
those for the island region and inland areas to the south 
(Vermilion: 31.99; Sandusky: 32.05; Toledo: 32.11 in) 
(Alexander 1924; Hambidge 1941). 

It should be noted, however, that this difference in to
tal annual precipitation between island and mainland 
stations does not hold for all mainland stations that are 
between 10 and 50 mi from the island region and within 
the Lake Erie basin. The mean annual precipitation 
amount for five mainland stations in southeastern Mich
igan, just west of the island region, falls within the same 
range as the island region (see table 3); and inland Ohio 
stations west-southwest of the island region appear to 
have mean annual precipitation amounts that are simi
lar to the lakeshore stations adjacent to the island region 
in that these amounts fall between those for the island 
region and those for inland areas to the south (Alex
ander 1924; Hambidge 1941). Therefore, mean annual 
precipitation decreases mainly on a south-north line 
from inland to island region, rather than generally from 
mainland to island; also, in that area between 10 and 50 
mi from the island region, precipitation decreases at in
land stations moving from east to west and northwest 
around the west end of Lake Erie. 

Although over-land evaporation of water has not 
been measured for the island region (Verber 1955), esti
mates indicate that during the months of June, July, and 
August, which is a period of high solar radiation and 
continued air movement, evaporation of water actually 
exceeds precipitation; it has been reported that this rela
tively dry period affects the seasonal aspect of the island 
flora, as seen in the paucity of terrestrial herbaceous 
vegetation during the summer months (Stuckey 1977). 

Table 3.3 Mean Annual Precipitation at Mainland 
Stations in Southeastern Michigan 

Station (Michigan) Mean Annual Precip."

(inches)


Monroe 30.09 
Grape 30.46 
Ann Arbor 30.35 
Ypsilanti 31.18 
Eloise 27.84 

a) Alexander (1924); Hambidge (1941) 

The Setting 

In a study of microclimatic conditions on South Bass 
Island (Verber 1955), 37 different stations were sampled 
over a four-year period relative to temperature measure
ments. Seven different microclimates were identified. 
Six of these were based on the various combinations of 
high and low elevation, and the horizontal placement 
relative to windward or leeward shore and inland. 
Wooded stations formed the seventh microclimate. 
Greatest temperature changes occurred during the day, 
although shore stations had smaller ranges of tempera
ture change and higher average temperature than did 
the inland stations. Within a single year of this study, 
frost-free periods varied from a low of 187 days at the 
low-elevation, inland stations, to a high of 251 days at 
low-elevation, leeward, shore stations. 

Summary 
The island region of western Lake Erie has a temperate, 
humid continental climate modified by marine influ
ences of the lakes. The climate of the island region dif
fers from that of the nearby mainland in a complex way 
in that solar radiation is less on the islands; cloud cover 
is greater over the islands during the winter and less 
during the summer; mean January temperature for the 
islands is higher than at continental stations of the same 
latitude away from the Great Lakes basin; the monthly 
mean temperatures in the island region, as compared to 
the nearby mainland, are lower in spring, higher in au
tumn, and much the same in summer and winter; the 
monthly variation between maximum and minimum 
temperatures is lower in the island region than on the 
mainland; the difference between mean winter and 
summer temperatures on the islands is the same as for 
mainland stations to the west and southwest, while it is 
somewhat greater than at stations to the south and 
southeast; the island region has a longer frost-free pe
riod than the surrounding mainland; South Bass Island 
has a higher mean annual wind velocity than neighbor
ing mainland stations, and lake breezes occur in the is
land region; the island region is similar to the nearby 
mainland in that seasonal variation in precipitation is 
less than at continental stations away from the Great 
Lakes basin; mean annual precipitation in the islands is 
similar to stations to the west and less than at stations to 
the south. Additionally, during the summer months, 
evaporation of water from the islands exceeds precipita
tion. Seven different microclimates have been described 
on South Bass Island. 
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4 Physical and Chemical Limnology of the 
Island Region of Lake Erie 

CHARLES E. HERDENDORF AND MARK E. MONACO 

Lake Erie is one of the largest freshwater lakes in the 
world, ranking ninth by area and fifteenth by volume 
(Herdendorf 1982). It occupies a glacially enlarged and 
deepened river basin that has been etched in middle Pa
leozoic rocks (see Forsyth, this volume). The lake is nat
urally divided into three distinct topographic basins: 
western, central, and eastern. Numerous bedrock is
lands, reefs, and shoals form a natural division between 
the western and central basins of the lake (fig. 1), and 
the surrounding waters are therefore influenced by the 
limnological characteristics of both basins. This essay 
was developed to provide an overview of the physical 
limnology of the islands region, emphasizing the inter
actions of the western and central basins. 

The western basin, lying west of a line from the tip of 
Point Pelee, Ontario, to Cedar Point, Ohio, is the small
est and the shallowest of the three basins, with most of 
the bottom at depths between 7 and 10 m (Hartley 
1961). Topographically, the bottom is monotonously 
flat, except for the sharply rising islands and shoals. The 
maximum depths in the basin are found in the inter-is
land channels. The deepest sounding is 19 m, in a small 
depression north of Starve Island Reef. 

The nutrient-rich waters of the western basin are 
more turbid than the other basins because of large sedi
ment loads from the Detroit and Maumee rivers, wave 
resuspension of silt and clay from the bottom, and high 
algal productivity (Herdendorf 1983). The Detroit River 
accounts for over 90% of the flow of water into Lake Erie 
and therefore controls the circulation patterns of the 
western basin (Herdendorf 1969). In this basin the water 
is normally isothermal from top to bottom; its shallow
ness precludes the formation of a permanent thermo
cline. Occasionally, during calm periods in the summer 
or when internal seiches drive central basin hypolim
netic water into the western basin, the water stratifies 

thermally leading to rapid oxygen depletion near the 
lake bottom (Bartish 1984). 

From the islands, the central basin extends over 200 
km to the east where it is separated from the eastern 
basin by a relatively shallow sand and gravel bar near 
Erie, Pennsylvania. Other than the island archipelago at 
its western end, and the rising slope of a sand and 
gravel bar (glacial moraine) between Point Pelee, On
tario, and Vermilion, Ohio, the bottom of the central 
basin is extremely flat (Hartley 1961). The shallow 
depression in the lake bottom between the islands and 
the bar is known as the Sandusky sub-basin (1,300 km2) 
and has a maximum depth of 16 m. Although the cen
tral basin receives over 95% of its inflow from the west
ern basin, the water is considerably less turbid and less 
biologically productive (Herdendorf 1983). This inflow 
and drainage from the Sandusky River and other tribu-

D«pth contours In maters 

Fig. 4.1. Bathymetry of the islands region of Lake Erie. 
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taries are concentrated in the sub-basin and along the 
south shore where biological productivity and contami
nants are the highest. Water temperatures in the central 
basin are isothermal from fall to late spring; thermal 
stratification normally occurs below 15 m from June un
til September. During the later part of the stratified pe
riod the thin hypolimnion (2-5 m) may lose all of its 
dissolved oxygen (Zapotosky and Herdendorf 1980). 

Physical Limnology 

Morphometry 

The morphometry of a lake refers to its shape or form 
and is usually expressed as a series of dimensions; such 
information is useful in understanding how a lake was 

Table 4.1 Morphometry of the Lake Erie Basins 

Western 
Dimension Basin 

Maximum length (km) 80 
Maximum breadth (km) 64 
Maximum depth (m) 18.9 
Mean depth (m) 7.4 
Area (km2) 3,284 
Volume (km3) 25 
Shoreline length (km) 438 
Percent of area (%) 12.8 
Percent of volume (%) 5.1 
Percent of shoreline (%) 31.7 
Development of volume (ratio)1 1.2 
Development of shoreline (ratio)2 2.3 
Water storage capacity (days) 51 
Drainage basin land area (km2) 37,000 
Mean elevation (m) 173.86 
Highest monthly mean elevation (m) 174.58 
Lowest monthly mean elevation (m) 172.97 
Mean tributary inflow (m3/sec) 5,300 
Mean outflow (m3/sec) 5,300 
Highest mean monthly outflow (nrVsec) 6,600 
Lowest mean monthly outflow (m3/sec) 3,100 

Longitudinal axis bearing N67°W 

Physical and Chemical Limnology 

formed, how it functions ecologically, and how it will 
respond to environmental stresses (Wetzel 1983). The 
major morphometric dimensions of Lake Erie and its in
dividual basins are given in table 1. 

The islands region encompasses that part of Lake Erie 
between latitude 41° 25'N and 42°00'N and longitude 
82°30'W and 83°10'W, an area of approximately 70 km 
by 60 km (4,200 km2). Of this, about 3,600 km2 is open 
water of Lake Erie and the remaining 600 km2 is com
posed of mainland coast and the islands. The 6 major is
lands (fig. 2) including Pelee, Kelleys, South Bass, 
Middle Bass, North Bass, and Johnson (areas >1.0 km2), 
and the 19 smaller ones account for about 70 km2 in sur
face area (table 2). 

The islands' shores are rockbound or fringed with 

Central Eastern Entire 
Basin Basin Lake 

212 137 388 
92 76 92 

25.6 64.0 64.0 
18.5 24.4 18.5 

16,138 6,235 25,657 
305 154 484 
512 430 1,380 

62.9 24.3 100 
63.0 31.9 100 
37.1 31.2 100 
2.2 1.1 0.9 
1.3 1.7 2.1 
635 322 1,008 

15,000 7,000 59,000 
173.86 173.86 173.86 
174.58 174.58 174.58 
172.97 172.97 172.97 

200 200 5,700 
5,500 5,700 5,700 
6,900 7,200 7,200 
3,200 3,300 3,300 

N67°E N67°E N67°E 

development of volume is the ratio of the volume of the lake to that of a cone of basal area equal to area of the lake 
and a height equal to the maximum depth of the lake. 

development of shoreline is the ratio of the length of the shoreline to the length of the circumference of a circle of area 
equal to that of the lake. 
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Fig. 4.2. Bedrock reefs and shoals of the islands region of Lake Erie (Herdendorf and Braidech 1972). 

rock rubble, chiefly rugged in character. The highest el
evations also occur adjacent to the west shores with 
more gentle slopes found along the eastern shores giv
ing the islands their distinctive cuesta shape. Small 
sand, cobble, or boulder beaches are situated at indenta
tions in the shoreline. The most extensive pocket beach 
of this type is found in the north embayment at Kelleys 
Island. 

The islands and reefs are arranged in three roughly 
north-south belts or chains (fig. 2). The most westerly 
belt lies north of Locust Point and includes approxi
mately 12 reefs and West Sister Island. The middle belt 
extends from Catawba Island (peninsula) through the 
Bass and Sister islands, and includes at least fourteen 
reefs and ten islands. The easterly belt encompasses 
Johnson Island, Marblehead Peninsula, Kelleys Island, 
Middle Island, and Pelee Island, and about seven reefs 
and shoals. 

The reefs consist of submarine bedrock exposures and 
associated rock rubble and gravel. The topography of 
the reef tops varies from rugged surfaces caused by bed
rock pinnacles and large boulders to smooth slabs of 
nearly horizontally bedded rock. In places the exposed 
bedrock has the appearance of low stairs with the 
"steps" dipping slightly to the east from the crest of the 
reef to its fringe. All of the bedrock formations that form 
the reefs are carbonate rocks which contain abundant 
solution cavities. Most of the reefs are conical in shape 
and elongated, as are many of the islands, in a north
east-southwest direction. Two factors appear to have in
fluenced this elongation: 1) vertical joint systems in the 
bedrock which are oriented parallel to the elongation 
and 2) the elongation's general agreement with the ma
jor trends of glacial ice movements as deduced from 
grooves found on the islands. 

The shoreline of Catawba and the Bass islands con



Table 4.2 Islands and 

Ohio Islands 
Kelleys

South Bass

Middle Bass

North Bass

Johnson

West Sister

Rattlesnake

Sugar

Green

Ballast

Mouse

Gibraltar

Starve

Buckeye

Rattles

Lost Ballast

Gull


Ontario Islands 
Pelee

Middle

Middle Sister

East Sister

Hen

North Harbor

Big Chicken

Little Chicken


TOTAL 

Ohio Reefs and Shoals 
West Reef 
Niagara Reef 
Gull Island Shoal 
Kelleys Island Shoal 
Scott Point Shoal 
Middle Harbor Reef 
Toussaint Reef 
Locust Point Reef 
Round Reef 
Mouse Island Reef 
Crib Reef 
Little Pickerel Reef 
Starve Island Reef 
Cone Reef 
Lakeside Reef 

TOTAL 

Major Reefs of 

Area (km2) 
11.32 
6.35 
3.29 
2.85 
1.17 
0.31 
0.26 
0.13 
0.08 
0.05 
0.03 
0.02 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

42.70 
0.42 
0.25 
0.23 
0.07 
0.03 

<0.01 
<0.01 
69.56 

Area (km2) 
5.31 
2.49 
2.05 
1.92 
1.48 
1.40 
1.23 
0.93 
0.88 
0.85 
0.85 
0.72 
0.67 
0.67 
0.05 

21.50 

Lake Erie 

Shore Length (km) 
18.3 
17.2 
12.4 
8.4 
5.3 
2.1 
2.6 
1.4 
1.3 
1.1 
0.8 
0.8 
0.3 
0.2 
0.1 

<0.1 
<0.1 

37.2 
2.6 
1.7 
1.9 
0.7 
0.3 

<0.1 
<0.1 
116.7 

Least Depth (m) 
1.2 
0.9 
0.0 
0.6 
3.0 
0.3 
0.9 
1.5 
2.1 
2.7 
0.6 
4.6 
2.1 
3.0 
3.7


MEAN 1.8


Maximum Depth (m) 
3.0 
6.0 
6.0 
7.5 
6.4 
4.5 
3.3 
4.0 
4.0 
6.0 
4.5 
6.7 
6.0 
6.0 
6.0 

MEAN 5.3 
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Fig. 4.3. A bedrock lagoon on the west shore of Catawba Island 
showing relatively undisturbed conditions (June 1981). 

tain many indentations and headlands which owe their 
origin to such solution processes. Roughly circular la
goons in the bedrock are particularly common along the 
west shore of Catawba Island (figs. 3 and 4). These la
goons are thought to be collapsed caves or sinkholes as 
evidenced by springs issuing from their bottoms. For
merly lagoons such as these provided excellent protec
tion for coastal wetlands, but in recent years most of 
them have been developed as small boat harbors. A few 
natural lagoons still exist along the rocky shores (such 
as Terwilliger's Pond on South Bass Island) but even 
these are threatened by the rapid increase in recrea
tional use of the region. 

Sandusky Bay also lies at the division of the western 
and central basins. The rocky peninsulas known as Ca
tawba Island and Marblehead separate the bay from 
western Lake Erie. This 150-km2 bay contains only one 
bedrock island (Johnson Island) and is the estuarine 
mouth of the Sandusky River. Sandusky Bay has a 
mean depth of less than 3 m, but is open to Lake Erie 
through a naturally scoured inlet (Moseley Channel) 
which reaches a maximum depth of 13 m between Ce
dar Point and Bay Point. 

Sedimentology 
The unconsolidated bottom sediments within the is
lands region were deposited by glaciers or settled in 
prehistoric and modern stages of Lake Erie. During the 
Pleistocene Epoch the region was covered by several 
continental ice sheets and later by a series of glacial 
lakes resulting in the deposition of glacial till followed 
by the deposition of lake sediments. The surface over 

Fig. 4.4. A bedrock lagoon on the west shore of Catawba Island 
which has been developed as a marina (August 1984). 

which the glacier moved was a stream-entrenched ter
rain underlain by Silurian and Devonian bedrock, 
largely limestones, dolomites, and shales. Glaciation 
moderately scoured the rock surfaces during the ice ad
vances, forming features such as the spectacular 
grooves on Kelleys Island and most of the other islands. 
The ice sheets also buried much of the preglacial topog
raphy under a blanket of till. Lacustrine sediments, 
largely fine sand, silt, clay, and organic deposits such as 
peat, now cover over 90% of the till and bedrock (fig. 5). 

The bottom deposits of Lake Erie consist of silt and 
clay muds, sand and gravel, peat, compact glacio-lacus
trine clays, glacial till, shoals of limestone and dolomite 
bedrock and rubble, shale bedrock shelves, and erratic 
cobbles and boulders composed chiefly of igneous and 
metamorphic rocks. The distribution of bottom sedi
ments is closely related to the bottom topography. The 
broad, flat areas of the western and central basins have 
mud bottoms. Midlake bars and nearshore slopes are 
comprised mostly of sand and gravel or glacial till. Rock 
is exposed in the shoals of western Lake Erie and along 
the south shore of the central basin. In general, sand is 
limited along the shoreline, but extensive dunes have 
been formed at several places, most notably at the base 
and southwestern side of Point Pelee. These dunes 
were formed presumably under the influence of the 
prevailing southwest winds. Littoral currents have con
centrated sand spits, baymouth bars, and harbor break-
walls at such places as Point Pelee, Fish Point (Pelee 
Island), Port Clinton, East Harbor, Bay Point, and Cedar 
Point. 

The bottom deposits of the Ohio portion of western 
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Lake Erie are composed mainly of mud (semifluid clay-
and silt-sized particles) (58%). Sand (17%), mixed mud 
and sand (12%), mixed sand, gravel, and coarser mate
rial (7%), glacio-lacustrine clay (3%), and bedrock (3%) 
account for the remaining bottom material (Verber 
1957). Peat and plant detritus occur in isolated areas 
along marshy shores. Sand deposits near the entrance 
to Sandusky Bay have been designated for commercial 
dredging. 

The bedrock core of the reefs and shoals is commonly 
masked by rubble composed of both local (broken frag
ments of bedrock) and glacially transported material. 
The rubble typically ranges from small pebbles to boul
ders up to 2 m in diameter. On the upper portions of the 
reefs, isolated patches of sand and gravel commonly fill 
vertical joint cracks and small depressions in the bed
rock; at the fringes of the reefs, sand, gravel, or glacial 
till lap over the rock. Generally the till consists of a ran
dom mixture of clay, silt, sand, and rock fragments. 

Test borings into the subsurface bottom deposits in 
the vicinity of the Lake Erie islands show a predomi-

Fig. 4.5. Bottom deposits of the islands region of Lake Erie (Her
dendorf and Braidech 1972). 

Physical and Chemical Limnology 

nance of lake-deposited material with only thin glacial 
till overlying bedrock (Hartley 1961). Preglacial buried 
valleys are indicated by bedrock topography, which in 
places has 60 m of relief. Some boring also indicates the 
possibility of interglacial or postglacial buried valleys 
and lower lake stages. Beach deposits and peat have 
been found 11 to 24 m below the present lake level, bur
ied under more recent deep-water sediments. A radi
ocarbon date of 6,550 years ago was obtained for a 
sample of oak wood buried 7 m below the lake bottom 
(Herdendorf and Braidech 1972). This date permits the 
calculation of a sedimentation rate of 0.1 m/century. 
Seismic reflection surveys have revealed a maximum 
unconsolidated sediment thickness of 84 m in the cen
tral basin and 40 m in the western basin. 

Recent sedimentation in the islands region can be at
tributed to two primary sources: suspended solids from 
inflowing streams and bluff material contributed by 
shore erosion. Over 6,000,000 m tons of clay, silt, and 
sand are transported annually to Lake Erie from its trib
utaries. Shore erosion of glacial till and lacustrine clay 
bluffs is an acute problem at many locations along the 
shoreline. Maximum shore erosion based on volume of 
material removed occurs along the north shore of the 
central basin, although the low-lying south shore of 
Maumee Bay has experienced the maximum rate of 
shore recession, which has been as high as 6 m/yr. Esti
mates of erosion rates for the Ohio shoreline indicate 
that about 6,000 m3/km of bluff material erode each 
year. Extended for the entire shore of the lake, 8,500,000 
m3 are contributed to the lake each year, which would 
equate to a thickness of 0.25 mm if spread uniformly 
over the lake bottom (Herdendorf 1975). Because of the 
resistant bedrock which composes the islands, shore 
erosion is minimal except where wave action under
mines certain formations. Such undermining is preva
lent at Lighthouse Point of South Bass Island. 

Hydrology 

That two rivers enter Lake Erie west of the islands re
gion dominates water quality conditions surrounding 
the islands. The Detroit River with a mean flow of 5,140 
m3/sec is the connecting channel for drainage from the 
upper Great Lakes and delivers 1.6 million tons of sus
pended solids and 33.6 million tons of dissolved solids 
to the lake each year. The Maumee River, at 137 m3/sec, 
is only 3% of the Detroit River flow but yields 2.3 mil
lion tons of suspended sediment and 1.4 million tons of 
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dissolved material. This river drains 17,000 km2 of pri
marily low-lying farm land which accounts for its high 
sediment load. The high turbidity of the Maumee River 
significantly diminishes water clarity around the south
ern islands. 

The Sandusky River is the largest stream flowing di
rectly into the islands region. This drains an area of 
3,700 km2, has an average flow rate of 30 nrVsec, and 
discharges 270,000 metric tons of suspended sediment 
and 450,000 metric tons of dissolved solids to Sandusky 
Bay annually. The only other sizeable streams in the re
gion are the Portage and Toussaint rivers with average 
discharge rates of 11 and 2 m3/sec, respectively; they 
yield a combined load of 130,000 tons of suspended sed
iment and 95,000 tons of dissolved solids to Lake Erie 
annually. 

The average annual rainfall in the Lake Erie basin is 
about 90 cm. The total land area which drains into Lake 
Erie, excluding that above the mouth of the Detroit 
River, is only about twice the area of the water surface 
of the lake. The large expanse of water affords a great 
opportunity for evaporation, and the amount of water 
which has been lost is estimated to be between 85 and 
91 cm per year. Therefore evaporation is approximately 
equivalent to the average annual rainfall over the lake. 
During dry periods more water may be evaporated from 
the lake than flows into it from its drainage basin. Un
der such conditions Lake Erie discharges to the Niagara 
River a smaller quantity of water than it receives from 
the Detroit River. 

Water-level changes on Lake Erie are of two principal 
types: 1) long-period and 2) short-period oscillations. 
Long-period fluctuations are related to volumetric 
changes of the lake, caused principally by variations in 
precipitation, evaporation, and runoff. These changes 
include both seasonal fluctuations and those occurring 
over a period of several years. Short-period fluctuations 
are due to a tilting of the lake surface by wind or by 
atmospheric pressure differentials. Wind tides, seiches, 
and storm surges, which have periods from a few sec
onds to several days, are examples of short-term oscilla
tions. Verber (1960) found sun and lunar tides are 
negligible, resulting in maximum fluctuations of 3.3 cm. 

The highest and lowest average monthly levels on 
Lake Erie generally occur in June and February, respec
tively, with ranges from 0.3 to 0.6 m. The plane of refer
ence for Lake Erie charts is known as Low Water Datum 
(LWD), and stands at an elevation of 173.3 m above the 

mean water level at Father Point, Quebec, the place 
where the flow from the Great Lakes enters the ocean. 
The highest average monthly level is 174.6 m (June 
1973) and the lowest is 173.0 m (February 1936). This 
represents a change in the lake's volume of approxi
mately 10%. Over 125 years of records at Cleveland in
dicate no regular, predictable cycle of levels. The 
intervals between periods of high and low water can 
vary widely, but correlate well with changes in 
precipitation. 

Water levels at the ends of Lake Erie (Toledo and Buf
falo) have a much greater fluctuation than near the cen
ter. High-water levels coupled with northeast storms 
have produced a maximum rise in level of 3 m above 
Low Water Datum at Toledo. Conversely, low water 
and southwest winds have lowered the level to 2 m be
low Datum, a range of 5 m. Under the influence of 
wind, currents tend to bank up water on the windward 
shore. This forced movement of the lake surface is 
known as wind tide and the amount of rise produced is 
the wind setup. Resulting free oscillations (seiches) are 
nearly continuous in the islands region and most often 
have a period of 12 hours and amplitude of less than 0.7 
m with a maximum amplitude of 2 m. The major seiches 
on Lake Erie are essentially parallel to the longitudinal 
axis of the lake. Water-level records at Put-in-Bay indi
cate that longitudinal seiches are in operation about 44% 
of the time (Herdendorf and Braidech 1972). Surface 
winds from the southwest or northeast are likely to pro
duce such sieches along the long axis of the lake. Wind 
records from Sandusky, Ohio, are in agreement with 
the frequency of seiche periods; surface winds from 
these directions occur approximately 150 days (42%) 
each year. 

Circulation and Currents 
Water movement in the western basin of Lake Erie is 
strongly influenced by Detroit River flow. This inflow is 
composed of three distinct water masses. The midchan
nel flow predominates and is characterized by: (1) lower 
temperature, (2) lower specific conductance, (3) greener 
color and higher transparency, (4) lower phosphorus 
concentration, (5) higher dissolved-oxygen content, (6) 
lower chloride-ion concentration, and (7) lower turbid
ity than the flows on the east and west sides of the river. 
The midchannel flow penetrates deeply into the west
ern basin where it mixes with other masses and eventu
ally flows into the central basin through Pelee Passage 
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and to a lesser extent through South Passage. The side 
flows generally cling to the shoreline and recycle in 
large eddy currents. 

In the central basin, the prevailing southwest winds 
are parallel to the longitudinal axis of the lake. Because 
of the earth's rotation these winds generate currents 
which cause a geostrophic transport of water toward the 
Ohio shore. This convergence of water on the south 
shore results in a rise in lake level which is equalized by 
sinking of water along this shore. At the same time the 
lake level is lowered along the Canadian shore as sur
face currents move the water offshore. The sinking 
along the south shore is compensated by a subsurface 
movement of water toward the north and an upwelling 
along the Ontario shore. 

The central basin thermocline is approximately 10 m 
shallower adjacent to the north shore than on the south 
side of the lake. This can be interpreted as an upwelling 
influenced by the prevailing southwest winds (Herden
dorf 1970). The resultant surface currents indicate a net 
eastward movement, while subsurface readings show a 
slight net westward movement. This can be explained 
by the cycle of: (1) surface transport of water toward the 
southeast, (2) sinking of water off the south shore, (3) 
subsurface transport toward the north-northwest, and 
(4) upwelling adjacent to the north shore. The formation 
of a deep thermocline in the southern half of the central 
basin results in a relatively thin hypolimnion which is 
highly susceptible to oxygen depletion by sediments 
with high oxygen demands. These circumstances result 
in the presence of anoxic bottom water, particularly in 
the southwestern part of the basin (Sandusky sub-
basin). 

The surface currents in the western half of the west
ern basin are dominated by the Detroit River in flow 
(fig. 6). However, in the islands region, the surface flow 
becomes more influenced by the prevailing southwes
terly winds, producing a clockwise flow around the is
lands. However, the surface flow is often changed by 
changes in wind direction and intensity. Eddy effects 
along the sides of the Detroit River inflow lead to slug
gish movement of surface water west of Colchester, On
tario, and between Stony Point, Michigan, and Toledo. 
These eddies tend to retain waters contained within 
them, leading to the higher concentrations of pollutants 
found in these areas. 

Bottom currents in much of the western basin of Lake 
Erie are similar to surface currents, being dominated by 

Physical and Chemical Limnology 

Fig. 4.6. Surface and bottom currents in the islands region of 
Lake Erie (Federal Water Pollution Control Administration 1968). 

the Detroit River inflow (fig. 6). However, in the islands 
region the bottom currents are often the reverse of the 
surface currents with a counter-clockwise flow around 
the islands. Like the surface movement, bottom cur
rents can also be changed by the wind, although 
stronger winds are required to create a major change of 
pattern. 

Herdendorf and Braidech (1972) measured lake cur
rents at 68 stations in the island region under various 
wind conditions during a 10-year period. When data 
from these measurements were plotted to create current 
maps, one of the most striking features is that winds 
from any direction will normally drive surface currents 
downwind, while subsurface currents are often op
posed to the wind. To compensate for the loss of surface 
water blown downwind, a returning flow of water is 
created along the bottom. Wind direction, bottom to
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pography, and shoreline configuration appear to be the 
major factors controlling shallow-water current pat
terns. The average recorded velocity for surface and 
bottom currents was 14.4 cm/sec and 7.7 cm/sec, respec
tively. The highest velocities were found in restricted 
areas such as interisland channels and in the vicinity of 
reefs. Currents in excess of 25 cm/sec were found at 35% 
of the stations, while currents above 50 cm/sec were 
measured at only one station. 

All of the submerged rock exposures within the is
lands region project above the surrounding bottom, and 
are generally swept clean of sediments by the currents. 
The relatively clean surface indicates that no permanent 
sedimentation is taking place on the reefs. However, 
sediment collectors placed on the reefs indicate that a 
considerable amount of sediment is being transported 
over the reefs to be deposited in deeper water. Because 
the reefs project above the bottom, they are generally 
areas of higher energy due to the forces of waves and 
currents. The habitat created closely simulates the envi
ronment found in the riffles and streams. Several fish 
species, particularly the walleye (Stizostedion v. vitreum) 
which commonly spawns in streams, appear to have en
joyed success in western Lake Erie because of the availa
bility of this type of habitat. 

The wind is the over-riding force affecting water cir
culation of the central basin of Lake Erie. Wind-driven 
currents are, as the term implies, the movements of 
water directly caused by wind stress at the water sur
face. These currents are the fastest and most variable in 
direction of large-scale water movements. Large vol
umes of water can be moved in a very short time, as in 
wind setup. The orientation of the central basin, with its 
long axis essentially parallel to the prevailing southwes
terly winds, makes this effect especially important; it 
can cause dewatering of coastal marshes in the islands 
region. Also, during northeast storms, large volumes of 
water can be transferred into the western basin, flood
ing coastal plains and wetlands. 

Waves 
Wave action follows wind action very closely on Lake 
Erie because of the shallowness of the lake. Swells, 
however, often continue into the next day after a storm 
subsides. The depth of the water and the direction, ve
locity, duration, and open water fetch of the wind col
lectively determine the characteristics of waves at a 
given location. The U. S. Army Corps of Engineers (Re

sio and Vincent 1976) estimates that off Marblehead 
Penisula, with a fetch of 240 km and a wind velocity of 
48 km/hr, the maximum wave for Lake Erie is developed 
in 20 hours. Given these conditions, a wave 3.7 m high 
with a 6.5-sec period can be attained. Waves of this 
height break offshore, but reformed waves up to 1.1 m 
in height can reach the shoreline. 

As waves approach the shoreline the water level rises 
at the shore and the excess water escapes as alongshore 
(littoral) currents. These currents can be rapid (up to 1.2 
m/sec) when waves approach the shore at angles other 
than perpendicular and can result in the transport of 
beach materials as large as cobbles (64 to 256 mm in di
ameter) and boulders (>256 mm). These currents are 
important agents of erosion, transportation, and deposi
tion of sediments along the barrier beaches which front 
many of the western Lake Erie coastal marshes. Along
shore currents also produce excellent beaches. One of 
the best examples in western Lake Erie is Fish Point, a 
spit at the southern tip of Pelee Island. The sand has 
come from glacial deposits lying east and west of the is
land. Converging southerly currents along the east and 
west sides of the island have built a 3-km-long sand 
spit. 

The rockbound shorelines of islands are undergoing 
very slow erosion by scour from waves and currents. 
However, during the recent period of high water many 
large blocks of dolomite have fallen from high cliffs of 
several of the islands. This problem has become particu
larly acute at Lighthouse Point of South Bass Island, 
where in 1976, it necessitated the relocation of the U.S. 
Coast Guard navigation tower. The highest incident of 
erosion appears to take place in the spring and fall; 
groundwater seeping into cracks and joints in the rock 
freezes, expands, and tends to split the rock from the 
cliffs, a process known as frost wedging. This process, 
coupled with frequent and severe storms in the spring 
and fall, has resulted in many offshore blocks of dolo
mite which ring the west shores of several of the 
islands. 

Thermal Structure 

As a consequence of the wide range in the seasonal cli
matic (thermal) conditions in the Great Lakes region, 
Lake Erie undergoes a cycle of heat storage and heat 
loss that involves exchanges of vast amounts of thermal 
energy. The resultant seasonal cycles of lake tempera
tures are of great importance to many physical, chemi
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cal, and biological processes in the lake. Water 
temperatures in the western basin normally fall to 0.5° C 
about the middle of December and remain at that level 
until the middle of March. Most winters, the western 
basin freezes over completely. Ice usually disappears 
from the islands region by late April. Shortly after ice 
breakup in the spring, the ice drifts eastward and accu
mulates in the eastern basin. 

Western Lake Erie warms up more quickly in the 
spring heating season and cools more rapidly in fall 
than does the rest of the lake. The lake normally attains 
its highest temperature in late July or early August (fig. 
7). Near-shore temperatures generally average a few de
grees warmer than the open lake, but the entire basin is 
essentially isothermal in structure throughout the year 
except when rapid heating causes a temporary thermo
cline to form or when internal seiches transport central 
basin hypolimnetic water into the western basin (Bartish 
1984). The thermal gradient across these thermoclines is 
generally less than 3° C. Prolonged periods of calm 
weather have produced anoxic or near-anoxic condi
tions in the ephemeral hypolimnions if they persist 
longer than a week (Carr et al. 1965). The Detroit River 
flow also influences the thermal structure of the basin 
for 10 to 15 km south of its mouth by discharging water 
several degrees cooler than the water mass found along 
the south shore (Herdendorf 1969). 

The central basin typically stratifies into three distinct 
layers in early June and turns over in early September. 
The mean thickness of the epilimnion, mesolimnion, 
and hypolimnion are 13 m, 2 m, and 4 m, respectively. 
In general the central basin hypolimnion decreases in 
thickness, area, and dissolved oxygen throughout the 
stratified period, but increases in temperature. Thinning 
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Fig. 4.7. Mean annual air and water temperature curves for the 
islands region of Lake Erie (Federal Water Pollution Control 
Administration 1968). 
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of the hypolimnion increases the bottom-surface-area to 
water-volume ration, which tends to increase the effect 
of sediment oxygen demand (SOD) on the remaining 
hypolimnetic water. The SOD rate for central basin sedi
ments is approximately 0.5 g 02/m

2/day. Because of the 
shallow nature of the Sandusky sub-basin, this area is 
generally the first to become anoxic each summer, usu
ally in early August. 

Chemical Limnology 

Suspended Solids 

Water clarity, most often measured as either Secchi disk 
transparency or as turbidity, is an indicator of inorganic 
and organic particulate matter suspended in the water 
column as well as phytoplankton biomass. Central basin 
turbidity is primarily the result of the organic compo
nent, whereas in the western basin spring meltwaters 
carry a large component of inorganic solids to the lake. 
High turbidity (and conversely low transparency) oc
curs near the mouths of the Maumee, Portage, and San
dusky rivers. In spring a significant amount of this 
suspended material is transported eastward along the 
Ohio shore to Catawba and then northward through the 
islands region before passing into the Sandusky sub-
basin where considerable deposition occurs. In the late 
summer transparency levels in the island region are 
once again reduced during algal blooms. 

Herdendorf (1983) reports that ten years of Secchi 
disk measurements in the western and central basins 
(1973-1982) show stable conditions with small year-to
year variability. Typically summer western basin trans
parency depths range from 0.5 to 3.0 m for offshore sta
tions. In the central basin, measurements range from 
2.5 to 8.0 m, improving in an easterly direction. The eu
phoric zone in the western basin has an average sum
mer thickness of 5 to 7 m, while the central basin's zone 
is 15 to 18 m. 

Dissolved Solids 

Lake Erie waters of the islands region are alkaline, hav
ing a total alkalinity (as CaCO3) of approximately 90 mg/1 
and an average pH of 8.3. Total dissolved solids in the 
water average 182 mg/1 which yields a conductivity (25°) 
value of about 280 umho/cm. Mean concentrations of 
major ions are calcium—40 mg/1, sulfate—22 mg/1, chlo
ride—18 mg/1, sodium—10 mg/1, magnesium—9 mg/1, 
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Fig. 4.8. Trends in the chemical characteristics of central Lake 
Erie from 1900 to 1982 (U.S. Environmental Protection Agency, 
Chicago Regional Office). 

and potassium—2 mg/1. In general, concentrations are 
slightly higher in the southern island region due to the 
influence of the Maumee River. The northern islands 
are more influenced by the less mineralized water of the 
midchannel flow of the Detroit River. 

Trends in dissolved substances in Lake Erie waters 
can be inferred from long-term records of conductivity, 
measurements, and determinations of major conserva
tive ions such as chloride. Early records from Beeton 
(1965) show an exponential rise in concentrations from 
the early 1900s until the end of the 1960s. Improved 
management of discharges and high water levels have 
resulted in significant improvements in the concentra
tion of dissolved ions in the lake (Fig. 8). Current condi
tions in Lake Erie in this regard are similar to those that 
were found in the lake in the mid-1940s. 

Nutrients 
Phosphorus has been identified as a limiting nutrient 
for algal productivity in Lake Erie (Hartley and Potos 
1971), whereas nitrogen is in sufficiently large supply in 
the lake waters that it is not considered limiting to plant 
growth. The distribution of most nutrients throughout 
the lake shows similar patterns. Total phosphorus, for 
example, is characteristically high in concentration near 
the mouth of major tributaries, particularly the Mau
mee, Portage, and Sandusky rivers (Fig. 9). The Detroit 
River is an exception in that a large volume of upper 
Great Lakes water tends to dilute the nutrient load con
tributed by the urban and industrial complex adjacent to 
the river. 

The Setting 

Annually, approximately 13,000 metric tons of phos
phorus are loaded to Lake Erie via tributaries and other 
sources. The Detroit River accounts for about 38% of 
this total and the Maumee River adds another 12%. Be
cause of the high clay content in the sediments deliv
ered to the lake, large quantities of phosphorus are 
absorbed to these particles and become incorporated in 
the bottom sediment. Approximately 80% of the phos
phorus entering Lake Erie is sedimented in this manner 
and only 20% is discharged via the Niagara River. Im
provements in the treatment of waste water in the De
troit metropolitan area in the past decade have resulted 
in a reduction in phosphorus loading from the Detroit 
River from 12,000 metric tons in 1970 to only 5,000 in 
1980. Conversely, nitrogen is the only major dissolved 
constituent in the waters of western Lake Erie which 
has shown a significant increase in the past decade, 
largely due to the application of chemical fertilizers in 
the drainage basin. 

Nutrient concentrations are high and typical of eu
trophic conditions in western Lake Erie whereas in cen
tral Lake Erie they are more moderate and typical of 
mesotrophic conditions. Therefore, the islands region 
can fluctuate depending on the movement of water 
masses from either basin into the region. Mean annual 
concentrations for western and central Lake Erie are for 
total phosphorus—38 and 16 ug/1, for dissolved nitrate 
+ nitrite—434 and 178 ug/1, for dissolved silica—1.2 and 

TOTAL PHOSPHORUS (ug/1) 

Fig. 4.9. Nearshore concentration of total phosphorus in the is
lands region of Lake Erie for 1979 (Herdendorf 1983). 
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0.7 mg/1, and for chlorophyll a—8.4 and 3.9 ug/1, re

spectively (Herdendorf 1983).


In the mid-1960s, the concentration of phosphorus in 
influent wastewater to municipal treatment plants aver
aged about 10 mg/1 within the Lake Erie drainage basin 
and the mean effluent concentration was approximately 
7 mg/1. By 1980, many plants had installed phosphorus-
removal systems which resulted in an average effluent 
concentration of only 1.6 mg/1 for all Ohio plants and 
concentrations as low as 0.6 mg/1 for the Detroit sewage 
treatment plant in 1982. As a result, concentrations of 
total phosphorus in western Lake Erie have declined in 
the past two decades, particularly along the Ontario 
shore. In 1969, the total phosphorus concentration of 
the Ontario near-shore waters was about 50 mg/1, but by 
1979 it had dropped to 25 mg/1. However, it has not 
been possible to translate the decline in phosphorus 
loading to the lake to decreases in the concentrations or 
quantities of total phosphorus measured in central Lake 
Erie. No significant changes in this parameter have been 
recorded between 1970 and 1982 (Herdendorf 1983). 
This can be partially explained by phosphorus releases 
from sediment through wave resuspension and regen
eration of phosphorus from sediments during anoxic 
conditions. 

Chlorophyll pigment in water samples serves as a 
useful indicator of algal productivity in western Lake 
Erie. Concentrations are generally the highest along the 
western and southern shores, especially Sandusky Bay, 
while the lowest values are found in the water mass in
fluenced by the Detroit River flow. Near-shore concen
trations of chlorophyll a correspond to the same 
patterns observed for phosphorus. The most significant 
difference occurs in Maumee Bay where chlorophyll is 
high, but proportionally lower than phosphorus values. 
The high sediment turbidity of these waters is thought 
to be the major cause, resulting in reduced light levels 
for algal photosynthesis. In the central basin, concentra
tions are less than half those of the western basin yield
ing a strong gradient east of the islands region. 

Dissolved Gases 

Dissolved oxygen in the surface waters of the islands re
gion varies considerably in concentration depending on 
the time of day and the season. Most O2 is supplied to 
the surface water by absorption from the atmosphere 
and is transferred to the lower layers by wind-generated 
mixing until the saturation level is reached for the tem-

Physical and Chemical Limnology 
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Fig. 4.10. Mean annual temperature and dissolved oxygen curves 
for the central Lake Erie hypolimnion (Herdendorf 1983). 

perature of the particular water mass. Supersaturation 
commonly occurs as a result of photosynthetic activity 
of phytoplankton. 

Bartish (1984) reported that stratification of western 
Lake Erie normally occurs 3 to 5 times per year by two 
processes: (1) meteorological conditions (calm, warm 
weather) and (2) hydromechanical movement of central 
basin hypolimnetic water into the western basin. Mete
orological stratification can result in anoxia within 2 to 9 
days due to the small thickness and volume of the hy
polimnion. However, hydromechanical stratification 
can result in immediate anoxia if the entering water 
mass is already in this condition. 

Low concentration of dissolved oxygen, particularly 
in the central basin hypolimnion is one of major envi
ronmental problems still plaguing Lake Erie (fig. 10). 
Small areas of anoxic water in the Sandusky sub-basin 
east of Kelleys Island were observed as early as 1930 
(Fish 1960). The size of the summer anoxic region of the 
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lake continued to grow until 1973, when approximately 
94% of the hypolimnion (11,270 km2) had oxygen con
centrations below 0.5 mg/1. The International Joint Com
mission has set a level of 6.0 mg/1 as the minimum 
concentration of O2 for a healthy aquatic environment. 
In response to reduced nutrient loading through man
agement efforts, the anoxic region in 1982 was only 47% 
of the hypolimnion (5,470 km2). The rate of oxygen con
sumption in the central basin hypolimnion is about 0.1 
mg/l/day. 

Other gases important to biological productivity, such 
as carbon dioxide, are in small concentrations in Lake 
Erie waters (normally <0.5 mg/1). However, because the 
lake has a relatively high alkalinity (90 mg/1, mostly bi
carbonate) a source of carbon for primary productivity is 
readily available. During periods of high productivity 
the dissolved carbon dioxide is continually depleted, re
moving buffering capacity and driving the normal 8.3 
pH up to >9 pH which in turn results in the release of 
CO2 from the bicarbonate in solution. 

Conclusion 
The foregoing discussion has demonstrated that the 
limnological character of the islands region of Lake Erie 
is strongly influenced by the physical character and pro
cesses of two large lake basins that intersect within this 
region. The warm, nutrient-rich waters of the western 
basin are tempered from time to time by the cooler, 
more mesotrophic waters of the central basin. However, 
internal seiches can also bring anoxic waters into the is
lands region from the central basins hypolimnion. 
These periodic events can have devastating effects on 
the benthic forms in the region. The differences in geo
logic materials, physical processes, and chemical con
stituents of the two basins are most strongly felt where 
they merge. Thus, the islands region is endowed with a 
diversity of habitats and physiochemical conditions 
found nowhere else in Lake Erie. This has contributed 
to the large diversity of habitats and life forms found in 
the region. 
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5 Biological and Ecological Limnology of the 
Island Region of Lake Erie 

CHARLES E. HERDENDORF AND MARK E. MONACO 

The waters of the island region are shallow, warm, rela
tively clear, and high in nutrients. Thus, abundant 
forms of plankton, benthos, nekton, and aquatic avi
fauna are readily supported. The diverse geomorphic 
features of the region have resulted in the establishment 
of several aquatic or semiaquatic ecosystems: (1) coastal 
marshes and lagoon wetlands, (2) barrier beaches and 
bars, (3) cliffed shorelines and rocky shelves, (4) bed
rock reefs and shoals, (5) limnetic waters, (6) profundal 
bottoms, and (7) disturbed shores and bottoms, in
cluding riprap, dredged channels, etc. Each of these 
ecosystems has its own distinct biotic and abiotic char
acteristics. The locations in the island region of Lake 
Erie mentioned in the following discussions are shown 
on figure 1. 

Coastal Marshes and Lagoon Wetlands 
In large bodies of water such as Lake Erie, the shifting 
of sediments by near-shore currents can form basins 
where wetlands eventually develop. If sediments are 
deposited across the mouth of an embayment, a tribu
tary outlet, or freshwater estuary, the blockage may re
sult in the formation of a new pond or lagoon. Wave 
activity too builds sedimentary barriers, which likewise 
close off the mouths of embayments. The usual way in 
which a lagoon capable of supporting a wetlands is 
formed is by accretion of a bar across some irregularity 
or indentation of the coastline. One of the most com
mon types of bars associated with wetlands in Lake Erie 
is a spit; this feature is a sand ridge attached to the 
mainland at one end and terminating in open water at 
the distal end. Spits that have extended themselves 
across embayments are termed baymouth or barrier 
bars (fig. 2). 

The coastal marshes of western Lake Erie fall into 
three categories depending on the type of protection 
available to the wetland vegetation. At one time protec
tion afforded by barrier bars or other natural features of 
the shoreline to form quiet lagoons and coastal embay
ments was the most important type. Very few natural 
wetlands of this type still exist in western Lake Erie. 
One of the best remaining examples is the lagoon ("east 
bay" of Sandusky Bay) stabilized by the Cedar Point 
sand spit (fig. 3). Other examples of natural-protection 
wetlands that still persist are those formed by rock
bound embayments in the islands region of western 
Lake Erie. 

Most of the lagoon-type coastal marshes, if they have 
not been drained, filled, or engulfed by the lake, have 
been replaced by the second type, managed waterfowl 
marshes which are not protected by earthen and riprap 
dikes. The high wave energy of Lake Erie and the recent 
high water levels have taken a toll on the barrier 
beaches, necessitating the construction of armored 
dikes along much of the western basin shoreline. 

The third type of protection is the natural isolation 
from lake storms provided by the estuaries of virtually 
all of the tributaries entering the western end of Lake 
Erie. At places, such as the Sandusky River, the estuar
ine aspects of the drowned river mouth extend up
stream at least 10 km. Large wetlands have developed 
along most of the estuaries where disturbance has been 
minimal. Estuarine coastal marshes form the majority of 
the naturally protected wetlands bordering the main
land, whereas lagoons are more common on the 
islands. 

Lake Erie coastal marshes are characterized by a di
versity of emergent, floating-leaved, and submersed 
aquatic plants, which provide more food and shelter for 
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Fig. 5.1. Islands region of Lake Erie. 

among wetland vegetation. These plants and animals 

LAKE ERIE wildlife than any other coastal or offshore habitat in 
Lake Surf Zone Foreshore Barrier Bar Lagoon western Lake Erie. Invertebrates, particularly the crusta
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lower upper , 
ceans, insects, and gastropods, are abundant on and 

still water 

are important food items and cover for several fish spe
cies and a few mammals which dwell at the marsh's 
edge. Some waterfowl and other birds rely on the marsh 
plants for sustenance, nesting sites, and cover, while 
others utilize the fish and invertebrates which inhabit 
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Fig. 5.2. Cross-section of a typical barrier beach in western Lake been identified in the aquatic and wetlands habitats of 
Erie (after Savoy 1956). the islands region (Stuckey 1968; Stuckey and Duncan 
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Fig. 5.3. Sand spits at the entrance to Sandusky Bay. Upper view

is Cedar Point spit and east bay marshes; lower view is Bay

Point spit with Marblehead Peninsula and Kelleys Island in the

background.


1977). In the open water of the lake and larger bays, 
aquatic vascular plants are few and limited mostly to 
rooted submersed species, such as wild celery (Vallis
neria americana), sago pondweed (Potamogeton pectina
tus), curly pondweed (Potamogeton crispus), water-milfoil 
(Myriophyllum spicatum), water star-grass (Heteranthera 
dubia), coontail (Ceratophyllum demersum), and water
weed (Elodea canadensis). 

The flora of the ponds shows considerable diversity. 
In addition to having most of the species already men
tioned, small floating plants such as the duckweeds 
(Lemnaceae) form dense mats in quiet, stagnant water. 
In some places the floating water fern, (Azolla caroli
niana) also forms dense reddish mats. Species with large 
floating leaves, white water lilies (Nymphaea tuberosa), 
and the American lotus (Nelumbo lutea) are not common, 
but where they do grow they may form extensive colo

nies, as does the large emersed-leaved yellow water lily 
(Nupharadvena). Emergent species with showy flowers 
or large distinctively shaped leaves, such as cattails (Ty
pha spp.), bur reed (Sparganium curycarpum), flowering-
rush (Butomus umbellatus), arrowhead (Sagittaria lati
folia), swamp rosemallow (Hibiscus mosheutos), water 
smartweed (Polygonum punctatum), and pickerel weed 
(Pontederia cordata) line the edges of the coastal lagoons, 
often in segregated zones. Along the dryer margins of 
the marshes, three-square bulrush (Scirpus pungens), 
bluejoint (Calamagrostis canadensis), prairie grass (Phrag
mites australis), reed-canary grass (Phalaris arundinacea), 
and rushes (Juncus spp.) are common. 

With exception of Pelee Island, none of the Lake Erie 
islands has extensive marshlands. Because all of the is
lands are rockbound, the only opportunity for marshes 
to develop exists in protected embayments, coastal 
ponds, and where converging sand bars form a lagoon 
at the base of a spit. Noteworthy examples of these wet
lands include the Put-in-Bay embayment on South Bass 
Island where extensive beds of submerged macrophytes 
occur in Fishery Bay, and on North Bass Island, Manila 
Bay, where emergent forms are more common. Coastal 
ponds and lagoons occur on Kelleys Island (Carp Pond), 
Middle Bass Island (Haunck's Point), South Bass Island 
(Terwilliger's Pond), North Bass Island (Manila Bay, 
Fox's Pond, and Smith's Pond), East Sister Island (East 
Sister Swamp), and Pelee Island (Lake Henry and Fish 
Point Swamp). Each has its own distinct flora, but in 
general, floating-leaved plants are best developed in 
these isolated habitats. The largest island marshes are 
found on Pelee Island where sand spits at both its north 
and south tips have formed lagoons similar to the for
mation of Point Pelee on the Ontario shore. Lake 
Henry, on the north, has been breached by high water 
storms and is now in danger of being engulfed by Lake 
Erie. 

Haunck's Pond provides an excellent example of 
aquatic plant zonation in response to water depths. The 
basin containing the marsh appears to have been 
formed by sand spits (double tombolo) which now con
nect two rocky outcrops of Middle Bass Island. Seven 
zones have been identified extending from open water 
to a shrub shoreline by Wood (1966). Each of these 
zones is transitional in nature, and in no zone does one 
species dominate to the exclusion of all other species (ta
ble 1). 



Table 5.1 Aquatic Plant Zonation in Haunck's Pond, Middle Bass Island 

Zone 1. Open water (water depth: 1 m) 
a. duckweeds (Lemna minor, L. trisulca, Spirodela polyrhiza) 
b. watermeal (Wolffia columbiana) 
c. sago pond weed (Potamogeton pectinatus) 
d. water-milfoil (Myriophyllum exalbescens) 
e. water-weed (Elodea canadensis) 

Zone 2. Water lily (water depth: 50 cm-1 m) 
a. yellow water lily (Nuphar advena) 
b. white water lily (Nymphaea tuberosa) 
c. water-plantain (Alisma plantago-aquatical) 
d. arrowhead (Sagittaria latifolia) 
e. pickerel weed (Pontederia cordata) 

Zone 3. Dock (water depth: 15-50 cm) 
a. dock (Rumex crispus, R. verticillatus) 
b. rice cutgrass (Leersia oryzoides) 
c. swamp-loosestrife (Decodon verticillatus) 
d. buttonbush (Cephalanthus occidentalis) 
e. spike-rush (Eleocharis obtusa) 

Zone 4. Cattail (water depth: 0-15 cm) 
a. cattail (Typha angustifolia, T. latifolia) 
b. sedges (Carex cristatella, Scirpus validus) 
c. soft rush (Juncus effusus) 
d. bur reed (Sparganium eurycarpum) 
e. river bulrush (Scirpus fluviatilis) 

Zone 5. Jewel weed 
a. jewelweed (Impatiens capensis, I. pallida) 

b. monkey flower (Mimulus ringens) 

c. skullcap (Scutellaria epilobiifolia) 
d. sedges (Carex comosa, Scirpus atrovirens) 
e. blue flag (Iris virginica) 

Zone 6. Tall grass 
a. reed-canary grass (Phalaris arundinacea) 
b. bluejoint grass (Calamagrostis canadensis) 
c. white ash (Fraxinus americana) 
d. hackberry (Celtis occidentalis) 
e. choke cherry (Prunus virginiana) 

Zone 7. Shrub 
a. bur-oak (Quercus macrocarpa) 
b. slippery elm (Ulmus rubra) 
c. white mulberry (Morus alba) 
d. prairie rose (Rosa setigera) 
e. elderberry (Sambucus canadensis) 

Data source: Wood (1966) 
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Epiphyton, Plankton, and Invertebrates than three hundred species found in South Bass Island 
Millie (1979) examined the epiphytic diatom flora of coastal marshes (table 2). Hohn (1969) studied the dia
aquatic macrophytes in several western Lake Erie toms in Fishery Bay, a shallow embayment of South 
marshes. Three common species of wetland macro- Bass Island. Asterionella formosa populations were rela
phytes were studied as hosts: narrow-leaved cattail (Ty- tively consistent throughout the year at approximately 
pha angustifolia), white water lily, and swamp 1,000 cells/ml. Diatoma tenue exhibited the highest popu
smartweed (Polygonum cocineum). Of the 247 diatom taxa lation in the spring at slightly more than 5,000 cells/ml. 
identified, centric forms such as Stephanodiscus subtilis Britt et al. (1973) observed that phytoplankton investiga
and keel-pennate forms such as Nitzschia palea were the tions from the late 1920s through the 1960s all indicated 
most common taxa. However, each marsh possessed a that diatoms were the dominant group in the islands re-
distinct flora and successional pattern. Millie attributed gion of Lake Erie, except in early summer. 
this heterogeneity to the diversity of littoral habitats in Reutter and Reutter (1977) studied the phytoplankton 
the marshes, particularly differences in chemical and community associated with submerged aquatic plants in 
physical factors. Fishery Bay (fig. 4). The dominant groups were diatoms 

Taft and Taft (1971) published an exhaustive study of (Bacillariophyceae), green algae (Chlorophyceae), and 
the algae in western Lake Erie, exclusive of diatoms. blue-green algae (Myxophyceae). Diatoms comprised 
Their collections included sites within emergent plant the greatest percentage of the total phytoplankton pop-
marshes on the Lake Erie islands and Catawba Penin- ulation with a major pulse in the spring and a smaller 
sula (East, Middle, and West harbors). The richness of pulse in the fall. Diatoms were the only abundant group 
the algal flora of these localities is indicated by more during the winter. All the diatom genera which occur in 

Table 5.2 Relative Abundance of Algal Species in Aquatic Habitats on Western Lake Erie Islands 

Locality 
Taxanomic South Middle North Kelleys Pelee Catawba 
Unit (Class) Bass Island Bass Island Bass Island Island Island Island 

Chlorophyceae 238 194 101 80 46 86 
(green algae) 

Charophyceae 8 4 - - - 9 
(stoneworts) 

Xanthophyceae 6 7 7 3 7 1 
(yellow-green algae) 

Euglenophyceae 11 6 4 4 1 
(euglenoids) 

Chrysophyceae 19 15 10 4 - 2 
(golden algae) 

Dinophyceae 3 5 2 - 1 1 
(dinoflagellates) 

Cryptophyceae 1 - - - - 
(cryptomonads) 

Myxophyceae 56 36 20 15 6 22 

(blue-green algae) 
Rhodophyceae 1 - 1 1 - 

(red algae) 

TOTAL 342 267 145 117 61 121 

Data Source: Taft and Taf t (1971) 
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large numbers, such as Melosira, Fragilaria, Asterionella, 
and Synedra, are indicators of eutrophic conditions. The 
planktonic green algae became most plentiful during 
midsummer as the lake water warmed. This group was 
the most diverse member of the phytoplankton commu
nity and the dominant genus was Pediastrum. Also a 
considerable amount of fragments of the filamentous, 
attached green algae Cladophora glomerata, which covers 
the rocky shoreline, occurs in the plankton. Blue-green 
algae were most common during late summer with 
blooms of Aphanizomenon during the calm periods in 
August. Reutter and Reutter (1975) also analyzed the 
zooplankton populations in Fishery Bay and found that 
the zooplankton population reached a peak in mid

1S74 

June, several weeks after the phytoplankton peak (fig. 
4). The rotifer population had the highest numbers fol
lowed closely by copepods (calanoids and cyclopoids). 
Cladocerans had by far the lowest population of the ma
jor zooplankton groups. 

The importance of aquatic vegetation as a habitat for 
aquatic invertebrates was investigated by Krecker 
(1939). Working in wetlands on the Lake Erie islands, he 
noted that submerged, leafy types of vegetation are 
more densely populated than are the emergent, hard-
surfaced, nonleafy types. For example, representatives 
of twenty-six invertebrate taxa were found on water
weed versus only four on wild celery. Water-milfoil, 
with a mean population of 440 invertebrates per linear 
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meter and curly pondweed with 347 led all the other 
plant species by a wide margin. Midge larvae (Chiron
omidae) and freshwater annelids (Oligochaeta) together 
made up 60 to 90% of the invertebrates on all plants ex
cept water-weed. On this plant, midges and annelids 
comprised 30%, while the sessile rotifer, Melicerta, made 
up 50% of the epiphytic invertebrates. 

Fish 

Wetlands in the islands region are important to fish pro
duction because they provide spawning and nursery 
habitat for wetland-dependent species, cover for juve
nile and forage fish, and feeding areas for predator fish. 
Approximately forty-three species of fishes are associ
ated with the coastal marshes of Lake Erie. Twenty-six 
of these species are currently of significant recreational, 
commercial, or prey value. Fish associated with coastal 
marshes are of two categories: (1) species directly de
pendent on coastal marshes as adult habitats or spawn
ing/nursery areas, and (2) species making opportunistic 
use of coastal marshes as spawning, nursery, and feed
ing areas. The first category includes species such as 
northern pike (Esox lucius), longnose gar (Lepisosteus os
seus), bowfin (Amia calva), bullheads (Ictalurus spp.), and 
crappies (Pomoxis spp.), whose dependence on aquatic 
vegetation has been well established. The second cate
gory includes common near-shore and bay species such 
as gizzard shad (Dorosoma cepedianum), carp (Cyprinus 
carpio), white sucker (Catostomus commersoni), white 
perch {Morone americana), channel catfish {Ictalurus punc
tatus), and yellow perch (Perca flavescens), which have 
been shown by qualitative surveys to be seasonally 
common or abundant as young or adults in coastal 
marshes, although the literature indicates that they 
have no strict dependence on aquatic vegetation. 

Most of the fish fauna inhabiting wetlands appear to 
consist of nonsalmonid, warm-water or cool-water spe
cies. Because of the predominance of clayey and or
ganic-rich substrates in wetlands, there is a prevalence 
of bottom feeders. Often as much as 90% of the stand
ing fish crop of coastal marshes consists of forage spe
cies such as carp and freshwater drum (Aplodinotus 
grunniens). Large predator fish, such as northern pike, 
rely on visual contact for locating their prey and require 
clear water. Siltation due to agricultural development of 
northwestern Ohio has eliminated much of this type of 
environment. As the waters have become more silt-
laden, the clear-water fish have been replaced by other 
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species, including carp and bullheads which are tolerant 
of turbidity and siltation. 

The introduction of marsh-derived detritus to the 
open lake, including particulate organic matter, algae, 
and other aquatic plants, provide food for forage spe
cies. In turn, the abundance of forage fish near the 
marshes, as well as large numbers of juvenile fish re
sulting from spawning activities in the wetlands, attract 
predator fish. Northern pike feed at dusk and dawn in 
shallow waters, but usually return to somewhat cooler 
or deeper waters for resting during the day. Thus, links 
between open waters and the shallow wetlands are es
sential. Spring floods, seiches, and other high-water pe
riods provide access to the wetlands for feeding and 
spawning fish. In contrast, during periods of low or ob
structed flow, links to the lake are broken and the iso
lated wetland populations may suffer from higher water 
temperatures, reduced dissolved oxygen, and elevated 
concentrations of chemicals. Carp Pond on Kelleys Is
land, typically barred across in late summer, suffers 
from these problems. 

Barrier Beaches and Bars 

Although sand beaches are scattered and not extensive 
along the western Lake Erie shoreline they do provide 
an important function in protecting coastal marshes 
from direct exposure to lake waves (fig. 2). The sand de
posits are low, not forming extensive dunes. Conse
quently, they are particularly vulnerable to fluctuating 
water levels, continuous wave action, and erosive action 
by ice in winter. Most of the sand beaches are now used 
for recreation as swimming and camping areas. Because 
of these natural and artificial disturbances, most of the 
plant species unique to this type of habitat have disap
peared (Core 1948; Stuckey and Duncan 1977). 

Gravel beaches and bars are common habitat on the 
Lake Erie islands (fig. 5). Because these beaches are 
subjected to severe ice scouring and wave wash, no per
manent vegetation becomes established on this continu
ously agitated shore. Mats of the alga Cladophora often 
wash ashore, die, and decay on the gravel beaches. 
Lianas, such as wild grape (Vitis spp.), Virginia creeper 
(Parthenocissus vitaceae), poison ivy (Rhus radicans), and 
bittersweet (Celastrus scandens), become entangled on 
the beach. 

The harsh environment resulting from lake waves 
breaking on these beaches and bars precludes extensive 
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Fig. 5.5. Gravel beach on the south shore of West Sister Island, 
showing storm-created terraces (July 1979). 

colonization by benthic invertebrates. However, the 
shoreward slope of submerged sand bars does provide 
some protection, and in places such as Locust Point, 
dense populations of unionid mussels have been ob
served on the slopes above the silt-laden troughs be
tween successive offshore bars. 

Cliffed Shorelines and Rocky Shelves 
The lake bluffs of the islands region consist of unconso
lidated sediments, such as lacustrine deposits and gla
cial till, and resistant bedrock. Perhaps the most 
dramatic of the shoreline habitats are the high, rugged 
limestone and dolomite cliffs (fig. 6). These are mostly 
confined to the north and west shores of most of the is
lands. These cliffs have two vegetation zones—one 
along the wave-splashed lower portion of the cliffs and 
the other on the drier upper portion. Plants inhabiting 
the lower portion, which are also characteristic of the 
low shelving rocky shores, are filamentous algae, 
mainly the green alga Cladophora and an invading ma
rine, red alga, Bangia. Distinctive herbaceous vascular 
plants include Dudley's rush (Juncus dudleyi), purple 
rockcress (Arabis drummondii), harebell (Campanula ro

tundifolio), and the cliff fern (Pellaea glabella). Xeric 
mosses and foliose lichens are pioneers in this habitat. 
Dense growths of lianas also cover large portions of the 
cliffs. 

McMillian (1951) studied the photosynthetic rate of 
filamentous algae (Cladophora glomerata and Ulothrix zon

ata) attached to littoral boulders and rocky shoreline of 
Fishery Bay, South Bass Island. She found that this as-
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sociation, which included abundant periphytic diatoms, 
had an average carbon fixation rate of 567 mg C/m2/day 
during a 4-month growing season. This rate is compar
able to that obtained by Cody (1972) for phytoplankton 
(742 mg C/m2/day) in the same bay. McMillian deter
mined the average yield of attached algae in this habitat 
to be 144 g/m2. Lorenz and Herdendorf (1982) obtained 
maximum standing crop values for Cladophora at South 
Bass Island of 214 g/m2. Monaco (1985), continuing this 
study, found that the vertical distribution of Cladophora 
was limited by light attenuation to a depth of about 2 to 
3 m near the Bass Islands. Mean productivity at 2 m was 
30 mg C/g (dry weight)/day. 

Bedrock Reefs and Shoals 
Many of the predator fish species of the islands region, 
particularly walleye (Stizostedion v. vitreum), smallmouth 
bass, (Micropterus dolomieui), and white bass (Morone 
chrysops) rely on sight to find their prey (Regier et al. 
1969). Efficient sight feeding, especially for a large fish 
seeking moving prey, requires sufficiently clear water to 
discern the prey at some distance. Such relatively clear 
water is found over the bedrock reefs in the islands re-

Fig. 5.6. Rocky west shore of South Bass Island (July 1982). 
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gion. Fish populations are found concentrated around 
clear, hard bottoms, such as rocky reefs, gravel or clean 
sand, and at the edge of weed beds. Cladophora beds 
harbor emerging insects and zooplankton which attract 
small fish, usually shiners (Notropis spp.), upon which 
walleye prey. 

Lorenz and Herdendorf (1982) documented the occur
rence and growth patterns of several other species of fil
amentous, benthic algae in the island region of Lake 
Erie. The most common genera include the green algae 
Ulothix and Stizeoclonium, the blue-green algae Oscillato
ria, and the recent red (Rhodophyta) algae invader, Ban
gia. All of these taxa grow attached to the bedrock 
substrate but none attain the biomass of Cladophora. 

Cladophora in the infralittoral zone (0.5-7 m) exhibits a 
biomodal biomass pattern. Growth is generally observ
able from April to July, with a peak standing crop of up 
to 240 g/m2 (dry weight). After the water reaches a tem
perature of about 25°C, growth ceases and the filaments 
begin to atrophy. In October, as the lake cools, a smaller 
autumn pulse in growth occurs. Splash zone (0.5 m be
low to 0.5 m above lake level) Cladophora is present as a 
lush green growth during the entire growing season. 

The depth to which Cladophora grows on the island 
shelves and reefs varies from up to 7 m at Colchester 
reef near the Ontario shore to less than 2 m off Catawba 
Island. Correspondingly, Secchi disk transparencies are 
greatest and the extinction coefficients of light are small
est in the northern portion of the islands region. The 
vertical distribution of Cladophora, therefore, is limited 
by light attenuation in the water column. Photosynthet
ically active radiation below approximately 50 uE/m2/sec 
limits colonization (Monaco 1985). 

The benthic fauna of the shoal waters of western Lake 
Erie, both in the density of population and variety of its 
forms, depend upon the type of substrate, character of 
the vegetation, and depth of the water. Krecker and 
Lancaster (1933) found that such physical factors as tem
perature, oxygen, carbon dioxide, and pH were in gen
eral so uniform in the near-shore waters that they did 
not appear to be critical factors. The densest population 
was in less than 1 m of water. Half of the animals repre
sented occurred in maximum numbers within the 15-cm 
contour although, due to great numbers of chironomids 
(midge larvae), the largest total population was at 50-cm 
contour. Shelving rock shores were the most densely 
populated because of great numbers of chironomid lar
vae but rubble shores had the greatest variety of animals 
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present in maximum numbers. The smallest number of 
forms occurred on sand bottoms, the largest variety on 
rubble. 

Walleye commonly spawn over rock, rubble, or 
gravel in streams, shallow offshore reefs, or along 
shorelines of lakes (Eschmeyer 1950). Spawning runs of 
walleye persist in only two major Ohio streams, the 
Sandusky and Maumee rivers. In the 1800s and the 
early part of this century many of the lake's other tribu
taries were productive spawning sites (Langlois 1954), 
but siltation, the construction of dams, excessive pollu
tion, and irregularity of stream flow due to human activ
ities have destroyed the spawning sites. Today, the 
major existing spawning grounds in Lake Erie are found 
on the reefs of the islands region. These reefs are free 
from oxygen-consuming mud due to the scouring of 
breaking waves. These waves and currents also simu
late the riffle habitat of the spawning streams. 

Researchers have postulated that walleye fry imprint 
some essential characteristics of their birthplace and that 
most sexually mature adults return to that birthplace to 
spawn (Regier et al. 1969). These factors would also fa
vor the continued utilization of the reefs by future wall
eye populations. 

Limnetic Waters 
The limnetic waters compose the open waters of Lake 
Erie surrounding the islands (fig. 1). Sometimes referred 
to as the euphotic zone, these waters extend from the 
surface down to the light compensation level (1% of in
cident light at the surface of the lake). Typically this 
zone is 3.5 times as thick as the Secchi disk transparency 
and ranges from less than 3 m (west of the islands) to 
over 15 m (east of the islands). The profundal zone of 
the lake adjacent to the islands refers to the bottom and 
deep-water areas beneath the light compensation level. 
The limnetic environment is dominated by planktonic 
and nektonic organisms, whereas the profundal bot
toms are characterized by benthic macroinvertebrates 
which prefer soft sediments. 

Verduin (1962) concluded that western Lake Erie is an 
area of relatively high primary productivity, averaging 
500 mg/C/m2/day in summer. He observed that the lake 
has a high vertical turbulence which is generated by 
wind and seiche-generated currents. This turbulence 
(eddy diffusivity of 25 cm2/sec) contributes importantly 
to the ecology of this area by promoting vertical trans
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port of the products of photosynthesis and respiration 
and the phytoplankton into and out of the euphoric 
zone at frequent intervals. 

Phytoplankton 

Planktonic algae are the dominant primary producers in 
the near-shore and open waters of western Lake Erie. 
Many inorganic elements are required for algal cell 
growth, including nitrogen, phosphorus, silicone (dia
toms) and many major ions and trace elements. Sawyer 
(1954) concluded that when inorganic nitrogen concen
trations of 0.30 mg/1 (sum of NH3-N, NO2-N, and NO3
N) and orthophosphate-phosphorus concentrations of 
0.01 mg3A (PO4-P

2) were present in bodies of water at 
the start of the active growing season, nuisance algal 
blooms could be anticipated. Measurements in western 
Lake Erie indicate concentration well in excess of these 
limits. 

The first comprehensive investigation of phytoplank
ton in the vicinity of western Lake Erie coastal marshes 
was initiated in 1929 (Wright et al. 1955). Samples were 
collected offshore from the mouths of the Detroit, 
Raisin, Maumee, and Portage rivers. Distinct differ
ences were observed between phytoplankton communi
ties of the Detroit River and the smaller tributaries. The 
sheltered Maumee Bay maintained a greater standing 
crop than the other locations. The algal abundance de

creased markedly with increased distance from the 
mouth of the Maumee River. Herdendorf et al. (1977) 
observed a similar pattern in spring phytoplankton pop
ulations in Maumee Bay, except locations nearest the 
river mouth showed some reduction in numbers due to 
the high turbidity caused by spring runoff. Chandler 
(1942) also found turbidity to have a negative effect on 
plankton and submersed macrophytes photosynthesis 
near South Bass Island. 

The basin-wide blooms of planktonic blue-green algae 
(Microcystis, Aphanizomenon, and Anabaena) in western 
Lake Erie and massive growths of attached, filamentous 
green algae (Cladophora glomerata) which were so preva
lent in the mid-1960s, decreased in intensity and num
ber in the 1970s, presumably in response to phosphorus 
controls. No basin-wide blooms have been reported in 
recent years. Open lake phytoplankton analysis be
tween 1970 and 1980 indicates a reduction in total phy
toplankton biomass and a composition shift toward 
more oligotrophic species (Munawar 1981). 

Several studies of phytoplankton productivity have 
been conducted in western Lake Erie (table 3). McQuate 
(1954), working in Sandusky Bay, observed that small 
bays and open pockets within the beds of rooted aquatic 
vegetation provided "excellent cultural grounds" for 
plankton which are carried into the bay and eventually 
reach the waters of Lake Erie. He measured a photosynthet-

Table 5.3 Carbon Assimilation by Phytoplankton Productivity in the Island Region 
of Lake Erie 

Measurement Location Photosynthic Rate Data Source 
(mg/C/m2/day) 

Western Lake Erie 

Pointe Mouillee, offshore 2,197 Sheffield and Carey (1980) 
Pigeon Bay, Pt. Pelee 1,775 Sheffield and Carey (1980) 
Sandusky Bay 1,438 McQuate (1954) 
Locust Point, offshore 1,223 Sheffield and Carey (1980) 
Niagara Reef 833 Cody (1972) 
South Bass Island: 

Fishery Bay 742 Cody (1972) 
West coast, offshore 512 Verduin (1962) 

Central Lake Erie 

Old Woman Creek, offshore 820 Sheffield and Carey (1980) 
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ic rate of approximately 1,400 mg of carbon assimilated 
per day. This rate compares favorably with near shore 
measurements made by other investigators in western 
Lake Erie, and as would be expected, is higher than val
ues for offshore locations, the island area, and central 
Lake Erie. 

Zooplankton 

The animal component of the lake plankton is domi
nated by three groups: protozoans, rotifers, and micro-
crustaceans (primarily cladocerans and copepods). 
Landacre (1908) was the first to study the zooplankton. 
He observed that the plankton in open Sandusky Bay 
and Lake Erie was sparser than expected due to the 
shallowness and high amount of sediment in the water 
when agitated by the wind. But, the marshes and beach 
pools were unusually rich, particularly in protozoans 
where duckweed was abundant. 

Wright et al. (1955) conducted studies of the zoo
plankton at several localities in western Lake Erie and 
found abundance patterns similar to those of phyto
plankton. The Detroit River mouth had the lowest pop
ulation, the south shore had the highest numbers, and 
the islands region had intermediate densities. Ahlstrom 
(1934) investigating the rotifer populations of Terwilli
ger's Pond (South Bass Island) found 91 planktonic spe
cies and attributed this high number to the protected 
nature of the embayment. The number of rotifers per 
unit volume increased from the entrance of the pond to 
the more static interior end. He classified about 75% of 
rotifer species in the pond as "pseudoplanktonic," liv
ing on aquatic plants or bottom debris, and being ad
ventitious in the plankton. 

Herdendorf and Monaco (1983) observed an interest
ing association between a phytoplankter and a zoo
plankter in Fishery Bay. During a blue-green algal 
bloom of up to 20,000 cells/ml in July 1980, filaments of 
Anabeana flos-aqua were interwoven to form spherical 
masses with many epiphytic ciliates on the algal fila
ment. The contractile stalks of Vorticella campanula were 
attached to the outer filament segments forming a pul
sating corona around the entire algal mass. The pulsat
ing feeding behavior of Vorticella produced a distinct 
gliding motion of the algal colony. Pratt and Rosen 
(1983) speculated that the "swimming" motion created 
by sessile protozoans on algae may be advantageous in 
maintaining nutrient flow past the algal cells. 

Biological and Ecological Limnology 

Fish 

Lake Erie supports a greater diversity of fish stocks and 
a higher biomass of fish per unit area than the other 
Great Lakes. The western basin, and in particular the is
land region, has long been considered the most valuable 
fish spawning and nursery grounds in the lake. At least 
95 species of fish have been reported from the lake 
waters surrounding the islands. The diversity and abun
dance of fishes in the island region is attributed to its 
southernmost (warmest) position in relation to the other 
Great Lakes, its shallow, nutrient-rich waters, and its 
variety of aquatic habitats, especially the bedrock reefs 
and the extensive coastal marshes surrounding the 
western basin (fig. 7). 

Trautman (1981) is the primary source of information 
regarding fish in Lake Erie, their life histories, and habi
tat associations; he also provides detailed location maps 
for each species. Other useful works on western Lake 
Erie fisheries include Barnes (1979), Edmister (1940), 
Goodyear et al. (1982), Hartley and Herdendorf (1975), 
Herdendorf et al. (1981), Langlois (1954), Price (1963), 
and Van Meter and Trautman (1970). Spawning and 
nursery grounds for important western Lake Erie fish 
species are depicted in figure 7. 

Since the advent of European colonization of the Lake 
Erie shore approximately 200 years ago, fish communi
ties and habitats in the lake have been radically changed 
by a series of largely cultural stresses. The original na
tive fish communities of the lakes were characterized by 
a much greater predominance of cold-water and cool-
water species, including lake sturgeon (Acipenser fulves
cens), lake trout (Salvelinus namaycusch), lake whitefish 
(Coregonus clupeaformis), lake herring (Coregonus artedii), 
and blue pike (Stizostedion vitreum glaucum), than at 
present. Intensive commercial exploitation of the origi
nally abundant salmonid, esocid, and percid popula
tions was largely responsible for significant depletions 
or extirpations of these populations. In addition, the 
introduction or invasion of exotic species such as sea 
lamprey (Petromyzon marinus), alewife (Alosa pseudohar
engus), rainbow smelt (Osmerus mordax), carp (Cyprinus 
carpio), and white perch (Morone americana), which com
peted with or altered the habitats of native species, had 
deleterious effects on many native populations. Cultural 
development along Lake Erie resulted in the alteration 
or elimination of essential habitats and spawning areas 
due to agricultural siltation, industrial waste discharge, 
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Fig. 5.7. Spawning and nursery grounds for important fishes of the islands region (after Goodyear et al. 1982). 

draining and filling of marshes, and channelization or 
damming of tributaries used by lake-run spawners. 
Limnological changes associated with a climatic warm
ing trend and increasing cultural nutrient loading re
sulted in accelerated eutrophication and accompanying 
dissolved oxygen depletion, increased plankton densi
ties, and increased deposition of organic sediments. 

The cold-water salmonid component of the original 
fish communities of the lake has been largely elimi
nated, and remaining valuable cool-water species such 
as yellow perch and walleye are heavily exploited. 
Warm-water species such as gizzard shad, carp, spottail 
shiner (Notropis hudsonius), channel catfish, white bass, 
and freshwater drum comprise the largest and most sta
ble component of the fish communities of the lake. 

In the limnetic waters of western Lake Erie, zonation 
has been demonstrated for larval fish populations. A se

ries of studies in the estuaries and open waters of the 
lake has shown that the estuaries of the Maumee and 
Sandusky rivers contained high densities of larval fish 
when compared with other near-shore and offshore 
areas (Cooper et al. 1981,1983; Mizera et al. 1981). Giz
zard shad, white bass, and freshwater drum dominated 
the estuarine populations. The highest density of yellow 
perch was found in near-shore areas associated with 
sandy bottoms, particularly in the vicinity of Locust 
Point. Densities ranged from 157 individuals/100 m3 for 
water depths less than 2 m to 4 individuals/100 m3 for 
depths greater than 10 m. 

Variations in year-class strength (YCS) of western Lake 
Erie fishes is related to the availability of planktonic 
food for the larval fish as they enter the limnetic waters. 
For example, walleye, which spawn in large numbers 
on western Lake Erie shoals (Cooper et al. 1981) show 
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high variability in YCS. A strong correlation exists be
tween the rate of spring warming of the near-shore 
waters and the number of young-of-the-year walleye 
captured during fall stock assessment surveys (Busch et 
al. 1975). This suggests that increased recruitment un
der more rapid warming (earlier in the spring) may be a 
result of temperature effects on critical food resources, 
such as the zooplankton. 

Temperature also strongly affects the production of 
zooplankton. Culver and DeMott (1978) studied the sea
sonal variation of biomass, production, and species 
composition of zooplankton in western Lake Erie and 
found that the plankton communities undergo a switch 
from domination by copepods in the spring to domina
tion by cladocerans as the water warms. Because this 
transition occurs near the beginning of the planktivor
ous phase of many larval fish, the effect of temperature 
on the transition may strongly affect the availability of 
the larger zooplankton (particularly cladocerans) for 
young fish. Larval fish studies conducted in the vicinity 
of Locust Point in 1975 (Mizera et al. 1981) showed that 
all fish taxa appeared in the ichthyoplankton samples 
prior to the June increase in zooplankton production. 
Consequently, the YCS of fishes recruited was poor. 

Profundal Lake Bottoms 
The soft-bottom community of the open lake offshore 
from the islands is less diverse than the organisms oc
curring in the rock and gravel community. The species 
present are dependent upon the silt-clay substrate, 
availability of organic material, sediment chemistry, and 
water quality (particularly dissolved oxygen). Oligo
chaetes and chironomids occur most often and most 
universally. The tubificid oligochaete, Limnodrilus, dom
inates the bottom fauna, comprising 60% of the total 
soft-mud fauna (fig. 8). Chironomid larvae make up 
about 20% and sphaeriid (fingernail) clams 10% (Britt et 
al. 1973). The remaining 10% of the profundal commu
nity includes leeches, amphipods, isopods, polychaete 
worms, gastropods, and other invertebrates. 

Shelford and Boesel (1942), Carr and Hiltunen (1965), 
and Britt et al. (1973) studied the open lake bottom 
fauna of western Lake Erie. Figure 8 illustrates the 
benthic communities of the Lake Erie islands region in 
1937. The majority of the bottom was inhabited by the 
mayfly Hexagenia limbata at that time; however, Britt et 
al. indicate that mayflies had been virtually extirpated 
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from the benthic fauna by the late 1960s. Low dissolved 
oxygen and chemical pesticides have been postulated as 
the cause. The open lake benthic populations are now 
dominated by burrowing oligochaetes (sludge worms) 
and chironomids (midge larvae), which have replaced 
the former mayfly-caddisfly community. 

The composition of the benthic macroinvertebrate 
communities of western Lake Erie has improved since 
1967. Samples taken in 1979, when compared with 1967 
data, show that the bottom is still dominated by pollu
tion-tolerant tubificids (Limnodrilus hoffmeisteri, L. cervix, 
and L. maumeensis); however, other less tolerant taxa of 
tubificids (Peloscolex spp.) are also common. The density 
of tubificid worms declined sharply at the mouth of the 
Detroit River between 1967 (13,000/m2) and 1979 (2,400/ 
m2), while the number at the mouth of the Maumee 
River has remained relatively stable. Midge (Chirono
midae) larvae represented only 6% of the benthic popu
lation in 1967 but rose to 20% by 1979, replacing some of 
the tubificids (Ontario Ministry of Environment 1981). A 
modest reestablishment of the burrowing mayfly (Hexa
genia limbata) has also been observed at the mouth of the 
Detroit River and adjacent areas of western Lake Erie. 
This species was extirpated from the western basin in 
the mid-1950s following periods of anoxia in this nor
mally unstratified portion of the lake. Prior to 1953, bot
tom sediments yielded about 400 nymphs/m2 in the 
islands region (Britt et al. 1973). In 1979, 20 nymphs 
were collected near the mouth of the Detroit River and 
for the past several years a small emergence of adults 
has been observed on South Bass Island. 

Oligochaetes and Chironmids 
The profundal benthic community is dominated by oli
gochaete worms and chironomid (midge) larvae (Her
dendorf and Lindsay 1975). Three species of oligochetes 
(Branchirura sowerbyi, Limnodrilus hoffmeisteri, and Pelos
colex ferox) and three species of chironomids (Chironomus 
plumosus, Procladius culiciformis, and Coelotanypus scapu
laris) compose 90% of the benthic fauna. Most of the oli
gochaetes burrow in the mud, some constructing tube 
cases. They all feed by ingesting mud from which they 
extract soluble organic material and microorganisms. 
There appears to be commensal feeding among the oli
gochaetes. The feces of one species serves as food for 
another. Brinkhurst (1974) found that these worms tend 
to migrate toward worm species other than their own. 
Of the three common species of chironomids, Procladius 
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Fig. 5.8. Benthic invertebrate 
communities of the islands re
gion, including caddisfly-snail 
(Hydropsyche-Goniobasis), snail-
mussel (Pleurocera-Lampsilis), 
mayfly-annelid (Hexagenia-Lim
nodrilus) associations (after 
Shelford and Boesel 1942). 

bellus and Coelotanypus scapularis are carnivorous preda
tors and Chironomus plumosus is a herbivore. Chironomus 
constructs a definite burrow in soft sediments, while the 
other two species do not. The predators feed on other 
chironomids and frequently inhabit the burrows of their 
prey. Figure 9 illustrates the detritus food chain estab
lished by this benthic fauna. 

BOTTOM 
COMMUNITIES 

Gastropods 

Well-vegetated portions of unpolluted embayments, 
marshes, beach ponds, and sluggish tributary mouths 
are the most productive localities for freshwater snails 
in western Lake Erie. They live on submerged vegeta
tion, on rocks and on the bottom at the water's edge 
and out to a depth of several meters. Two subclasses, 
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Detritus Food Chain 

OETRITIVORES 

Co«lot«nypu» 
Procladlua 

Fig. 5.9. Detritus food chain in the profundal bottom of the is
lands region, illustrating the roles of benthic oligochaetes and 
chironomids (after Lindsay 1976). 

Prosobranchia and Pulmonata, are well represented in 
Lake Erie (Dennis 1938). The former group is character
ized by internal respiratory gills (ctenidia), or as in Val
vata, external gills and an operculum used to seal the 
shell aperture. The latter group does not have gills, but 
obtains oxygen through a "lung-like" pulmonary cavity. 
Pulmonate snails, which have descended from land 
snails, must come to the surface periodically to take air 
into the lung. 

Most aquatic snails are herbivorous. The veneer of liv
ing algae which covers most submerged surfaces is the 
chief food, but dead plant and animal material is fre
quently ingested. Dissolved oxygen is an important lim
iting factor; most gilled species require high 
concentrations, with limpets such as Ferrissia being 
found only where the water remains near saturation 
(Pennak 1978). However, Campeloma decisum and Amni
cola litnosa have been collected in water with less than 2 
ppm oxygen (Harmon 1974). The concentration of dis
solved solids in western Lake Erie, particularly calcium 
carbonate at 95 ppm, provides adequate essential mate
rials for shell construction. 

Bivalves 

The bivalved molluscan fauna of western Lake Erie con
sists of three families. The majority of the species belong 
to the Unionidae (freshwater mussels or naiades) and 
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Sphaeriidae (fingernail clams). The third family, Corbi
culidae, is represented by an introduced Asiatic species. 
Bivalves are most abundant near shore, especially in 
water less than 2 m deep. Stable gravel and sand sub
strates with a good current support the largest popula
tions (fig. 10). Commonly mussels inhabit substates free 
of rooted vegetation, but there are numerous excep
tions, including Anodonta grandis and Quadrula quadrula. 

Stomach contents of unionid mussels are commonly 
mud, desmids, diatoms, and other unicellular algae, 
protozoans, rotifers, flagellates, and detritus. The larg
est populations of mussels develop below areas where 
disintegration of rich vegetation is occurring, such as 
Fishery Bay of South Bass Island. 

The female pocket-book mussel (Lampsilis ventricosa) is 
capable of extending and pulsating the posterior edge of 
the mantle in such a way that it resembles an injured 
minnow (Clarke 1981). This activity attracts several 
marsh-associated fish species such as bluegill, white 
crappie, smallmouth bass, and yellow perch and in
creases the opportunities for juvenile mussels (glo
chidia) to attach themselves to a fish after they have 
been ejected from the parent. The larvae are released by 
the parent when its light sensitive spots are stimulated, 
for example, by the shadow of a passing fish. Several 
unionid bivalves possess special mantle structures 

Fig. 5.10. Accumulation of unionid bivalve shells on the barrier 
beach fronting Navarre Marsh at the Locust Point following a 
spring storm (April 1972). 



Table 5.4 Western Lake Erie Unionid Bivalves and Their Glochidial Host Fish 

Fish Hosts AMB FUS QUA ELL ALA LAS SIM

Northern pike X

Carp


Golden shiner


Creek chub


White sucker 

N hog sucker 

N Sh redhorse


Bl bullhead X


Ye bullhead


Br bullhead X


Ch catfish X X


Bk stickleback


White bass X


Rock bass X


Gr sunfish X


Pumpkinseed X


Or-sp sunfish


Bluegill X X


Sm bass


Lm bass X


Wh crappie X X X X


Bl crappie X X X


Iowa darter


Johnny darter


Ye perch X


Walleye


Freshwater drum


Mottled sculpin


Mudpuppy (amphibian)


AMB - Amblema plicata 
FUS - Fusconaia flava 
QUA - Quadrula quadrula and Q.pustulosa 
ELL - Elliptio dilatata 
ALA - Alasmidonta viridis and A. marginata 
LAS - Lasmigona complanata and L. costata 
SIM - Simpsoniconcha ambigua 
ANO - Anodonta grandis grandis and A. imbecilis 
STR - Strophitus undulatus 
TRU - Truncilla donaciformis and T. truncata 
PRO - Proptera alata 
CAR - Carunculina parva 
LEP - Leptodea fragilis 
ACT - Actinonaias carinata 
L1G - Ligumia recta 
LAM - Lampsilis radiata siliquoidea and L. ventricosa 

Unionid Clams 
ANO STR TRU PRO CAR LEP ACT L1G LAM 

X

X

X

X

X

X


N- northern 
Sh- shorthead 
Bl- black 
Ye- yellow 
Br- brook 
Gr- green 
Or-sp- orange-spotted 
Sm- smallmouth 
Lm- largemouth 
Wh- white 

Data Sources: Clarke (1981), Fuller (1974) 
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adapted to lure fish into their vicinity. The glochidia of 
each species of freshwater mussel must attach to the 
gills and fins of a particular fish species or small group 
of species (table 4) before further development can take 
place. Most glochidia never accomplish this, but those 
that do succeed remain attached for a few weeks as they 
metamorphose into tiny mussels. The young mussels 
then drop from the fish to take up an independent life 
on the lake bottom, moving about and siphoning water 
for respiration and for obtaining plankton as a source of 
nourishment. 

Western Lake Erie has a combination of characteristics 
from three large rivers (Detroit, Maumee, and San
dusky) and from numerous small streams. This situa
tion has resulted in an unusual mixture of large river 
and headwater species in the fauna of the lake. Stans
bery (1960) found that as a result of this circumstance, 
the molluscan fauna of the islands region has inter-
graded. Relatively strong, persistent, alongshore cur
rents (simulating stream conditions) are associated with 
rapid growth of unionid mussels, whereas quiet waters 
result in stunting. Consequently, mussels in Lake Erie 
near-shore waters are more commonly found on shal
low gravel shoals than in the quiet deep-water habitats. 
Fishery Bay of South Bass Island possesses abundant 
gravel shoals which foster dense unionid populations. 

Crustaceans 
Throughout Lake Erie Gammarus fasciatus is an impor
tant food organism for yellow perch, walleye, freshwa
ter drum, catfish, and other fish species. This amphipod 
is one of the dominant macrozoobenthic forms in the 
coastal waters of the islands region. Gammarus is well 
equipped to cling to aquatic vegetation; each of its four
teen pereiopods has a terminal claw which is used to 
grasp plant stems and seize prey. Clemens (1950) found 
that during the summer and fall in western Lake Erie, 
Gammarus was most common on beds of submerged 
vegetation. Populations of these scuds also occur in 
deeper, offshore portions of western Lake Erie, but not 
in as great a density as in the vegetated areas. 

Other notable benthic crustaceans in the islands re
gion include copepods, cladocerans, isopods, ostro
cods, and decapods. Harpacticoid copepods are the 
most common group associated with organic bottom de
bris. Cladocerans are important limnetic organisms in 
Lake Erie, but several species, including Daphnia pulex 
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and Sida crystallina, are abundant among benthic vegeta
tion. Isopods prefer niches under vegetation, debris, 
and rocks; Asellus racovitzai is the most common species 
in western Lake Erie. The nature of the substrate ap
pears to have little influence on the distribution of ostro
cods. In many cases, the same species can be found on 
algae, decaying vegetation, rooted aquatics, and mud. 
Crayfish are generally inhabitants of shallow water. 
Species such as Orconectes immunis live in the water dur
ing warm months, but in the autumn they construct 
burrows along the edge of the shore and live in them 
until the lake level rises and the weather becomes 
warmer in the spring. 

Disturbed Shores and Lake Bottoms 
Most of the bays, marshes, and near-shore waters in the 
islands region have become muddy and turbid within 
the past century. These conditions have come about by 
(1) the extensive erosion of the soil in the once-forested 
uplands of the watershed, (2) dredging, diking, and 
drainage of large portions of the marshes for private, in
dustrial, agricultural, and wildlife areas, (3) construction 
of docks and bulkheads that, in combination with 
dredging channels, have altered many of the bays for 
commercial or recreational purposes, and (4) introduc
tion of carp, a species of fish that uproots and destroys 
aquatic plants and contributes to the overall turbidity by 
stirring up the bottom silt and keeping it in suspension 
(Herdendorf 1987). These physical changes, silted con
ditions, and continued high turbidity levels have 
brought about a situation in which sensitive plant spe
cies of open water are eliminated or are drastically re
duced in numbers, thereby resulting in a decline in 
species diversity. Submersed plants are more sensitive, 
particularly northern species such as pondweeds, wa
terweeds, and wild celery which prefer clear, cool, well-
oxygenated waters (Stuckey 1975). 

The managed marshes which are surrounded by 
dikes provide excellent habitats for a variety of wildlife, 
although their principal function is the attraction and 
production of waterfowl and furbearers. Ironically, 
these marshes are presently of little value as spawning 
and nursery areas for economically important Lake Erie 
fish populations. 

As late as 150 years ago, the western end of Lake Erie 
was surrounded by an extensive marsh-swamp forest 
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Fig. 5.11. Extent of Black Swamp wetlands bordering western Lake 
Erie in 1800 as compared to present distribution of coastal marshes. 

system known as the Black Swamp (fig. 11). Settlement 
of the area proceeded at a rapid pace after the War of 
1812. Between 1850 and 1920 most of the wetlands were 
drained and filled to provide agricultural land and sites 
for urban and commercial development. At the same 
time, the reputation of Lake Erie's wetlands as quality 
waterfowl hunting areas was spreading. In the 1920s, 
groups of sportsmen and natural resource agencies, 
alarmed at the rate of wetland loss, purchased most of 
the remaining wetland areas. These areas were enclosed 
by dikes to protect them from wave erosion, siltation, 
and water level fluctuation. This made it possible to 
control water levels and produce the types of aquatic 
vegetation used by waterfowl and furbearers. The result 
is the present system of controlled, managed marshes 
(Johnson 1984). 

Dikes and management practices essential to main
taining productive marshes prevent fish from entering 
and using the marshes as spawning and nursery areas. 
Drastic declines over the last 50 years in the abundance 
of marsh-dependent fish populations have been attrib
uted in large part to the wholesale draining and filling of 
marshes before 1920 and subsequently to the inability of 
fish to enter the remaining marshes because of dikes. 
Dikes are constructed of a solid clay base, covered with 
riprap (fig. 12), and are placed so that water can enter or 
leave the marshes only through specially constructed 
channels. Screens are placed over flumes and gates to 
exclude carp. Unfortunately, these screens also keep de-
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sirable fishes from entering and leaving the marshes. 
Natural disturbances can also cause changes in the 

aquatic flora, particularly the record high water levels in 
Lake Erie during the past two decades. This temporary 
environmental condition has affected the aquatic flora 
by reducing the size of population of most of the emer
gent shoreline species, forcing them to migrate shore
ward, and increasing the size of populations of some 
submersed and floating-leaved species. Jaworski et al. 
(1981) developed a plant community displacement 
model which predicts responses of wetland vegetation 
to changes in water levels in Lake St. Clair. This model 
(fig. 13) has been modified for use on Lake Erie. The 
model illustrates the shoreward movement of vegeta
tion zones under rising water level conditions. For a 
typical marsh, a rise of 1 m in water level will result in a 
15,000-m shoreward advance for each zone. The 
benthic invertebrate populations are also dependent on 
water depth; thus, a definite zonation occurs that rap
idly adjusts, through a succession process, when water 
levels fluctuate. 

Environmental changes due to human activity can be 
devastating; dramatic changes have occurred in the 
aquatic flora in the past 85 years. In Put-in-Bay harbor, 
50% (20 out of 40) of the species of aquatic vascular 
plants have disappeared (Stuckey 1971). The flora of the 
bays, in particular, have been disturbed severely be
cause of increased turbidity of the water, building of re
taining walls and docks, use of herbicides, dredging 
operations, and many human uses of these aquatic hab
itats ranging from recreation to dumping ground for 

Fig. 5.12. Riprap dike constructed by U.S. Fish and Wildlife Ser
vice to protect Darby Marsh near Port Clinton (August 1982). 
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Fig. 5.13. Displacement model of commu
nity response to water level changes in 
Lake Erie coastal marshes (after Jaworski 
et al. 1981). 

wastes. Many of the lagoons and embayments have 
been destroyed to build marinas and housing develop
ments. In those coastal lagoons that remain, most of the 
submersed aquatic species still survive and represent 
one of the few refuges for this segment of the flora. 
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6 Distribution and Ecology of the Major Filamentous Algae in 
Western Lake Erie 

RICHARD C. LORENZ AND MARK E. MONACO 

The littoral zone of western Lake Erie is an important 
component of the system as it forms an interface be
tween the land and open water. This zone is of particu
lar interest to ecologists due to its dynamic community 
structure and associated high productivity. In the rocky 
littoral zone of the island region the two major biological 
components are the attached filamentous algae and the 
associated benthos. The geographical, seasonal, and 
vertical distribution of the algal component is discussed 
here. The three major macroscopic, epilithic, filamen
tous algae that dominate this rocky littoral zone in terms 
of biomass are Cladophora glomerata (L.) Kutz., Ulothrix 
zonata (Weber and Mohr) Kutz. and Bangia atropurpurea 
(Roth) Ag. and are the basis of this work. 

Cladophora is a rheophilic filamentous green alga that 
commonly colonizes bedrock, cobbles, breakwalls, and 
various other submerged materials. Attachment to a 
firm nonshifting substrate is provided by a holdfast that 
results from a basal differentiation of the filament. Cla
dophora cells are cylindrical with a length several times 
their width. The cells are coenocytic with many chloro
plasts and pyrenoids. Filaments are richly branched, 
producing a dense bushlike, bright green thallus that 
has a rough, crisp feeling and appearance. Cladophora is 
the most abundant alga colonizing the rocky shores of 
the lower four Great Lakes. The prolific growth of this 
alga results in standing crops of 100-200 g DW/m2 of 
substrate, with maximum filament lengths of close to a 
meter in western Lake Erie (Lorenz and Herdendorf 
1982). The dislodgement of the filaments and subse
quent deposition of large windrows of algae on the 
shoreline has resulted in nuisance conditions, particu
larly at Kelleys Island and Put-In-Bay public beaches. 
Cladophora is commonly referred to as seaweed or moss. 

Ulothrix is a filamentous green alga that attaches to a 
firm substrate with a holdfast similar to Cladophora. The 

slick, slimy-feeling filaments of Ulothrix are unbranched 
and much smaller than Cladophora. Microscopically the 
cells appear square with partial, band-shaped chloro
plasts. Filament lengths normally do not exceed 4 cm in 
western Lake Erie. 

The third major algal component is the conspicuous 
red alga Bangia. The alga's reddish-brown color is due to 
the presence of the photosynthetic pigment phycoery
thrin. Filaments of Bangia are unbranched and average 4 
to 6 cm, reaching a maximum of 12 cm. The filaments 
are uniserate when young, becoming multiserate with 
maturity. Cell size of Ulothrix and Bangia is similar; both 
are smaller than Cladophora. 

The information presented here draws from six years 
of field observations and laboratory experiments, as 
well as the efforts of numerous other investigators in 
the Great Lakes. Field information was gathered by 
shoreline observations along with the utilization of 
boats, scuba, and a small aircraft. The unique location of 
Stone Laboratory along with the support of the Center 
for Lake Erie Area Research and the Ohio Sea Grant 
Program have contributed much to this investigation 
and enabled us to use western Lake Erie as our labora
tory. Previous studies of the littoral algae in the island 
region include the distributional surveys of Pieters 
(1901), Tiffany (1937), and Taft and Taft (1971); the work 
on photosynthesis of McMillian and Verduin (1953); and 
the comprehensive study of Taft and Kishler (1973). Re
cently, ecological investigations of the algae in the is
land region have been performed by Lorenz (1981) and 
Monaco (1985). Studies in the Great Lakes on nutrient 
requirements of Cladophora have been made by Gerloff 
and Fitzgerald (1976), Lin (1977), Mantai (1978), and 
Auer and Canale (1980, 1982, b). The influence of light 
and temperature on photosynthesis has been reported 
by Storr and Sweeney (1971), Wood (1975), and Graham 
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et al. (1982). The general ecology of Cladophora has been 
discussed by Bellis and McLarty (1967), Herbst (1969), 
and Shear and Konasewich (1975). The distribution of 
Ubthrix in the Great Lakes has been studied by Herbst 
(1969), Moore (1978), Garwood (1979), Parker (1979), 
and Kirby and Dunford (1981). Recent investigations 
have explored the influence of phosphorus, light, and 
temperature on the distribution of Ulothrix (Parker and 
Drown 1982; Auer et al. 1983; and Graham et al. 1982). 
Reports on Bangia in the Great Lakes include Kishler 
and Taft (1970), Breyman (1974), Lin and Blum (1977), 
Garwood (1982), Sheath and Cole (1980), Blum (1982), 
and Lowe et al. (1982). A special issue of the Journal of 
Great Lakes Research (8:1982) contains the largest collec
tion of literature on the littoral algae. 

Geographical Distribution 
Cladophora, Ulothrix, and Bangia commonly occur 
throughout the Lake Erie basin wherever a firm sub
strate with little net sedimentation is present. In Lake 
Erie the greater part of the suitable natural habitat for 
these algae is located in the eastern basin and island re
gion of the western basin. In western Lake Erie only 3% 
of the lake bottom provides adequate substrate for the 
epilithic algae, with the largest extent of colonizable 
area in the island region (Verber 1957). Much of the 
western basin shoreline in the United States' part of 
Lake Erie is low-lying, consisting of unconsolidated sed
iments, and the Canadian shoreline has steep erodable 
bluffs. Exposed bedrock and cobbles occur along most 
of the island shorelines. Many of the islands have steep 
vertical bedrock shorelines to the west and gently slop
ing shelves to the eastern sides. Suitable substrate is 
also available on the isolated bedrock peaks on the tops 
of the major reefs. 

Cladophora has been present in the Laurentian Great 
Lakes since the earliest recorded information (Bailey 
1847). The alga is now prevalent in the lower four Great 
Lakes. The distribution of Cladophora in Lakes Huron 
and Michigan has been shown to be controlled by phos
phorus levels, and its abundance has increased in re
sponse to cultural eutrophication (Auer et al. 1982). In 
Lakes Erie and Ontario phosphorus is not limiting and 
Cladophora has lakewide distribution (Polcyn 1973; Lor
enz 1981). 

Early records for western Lake Erie indicate that pres
ent-day distribution of Cladophora is similar to the distri

bution reported in the late 1800s-early 1900's (Wood 
1872; Pieters 1901; Taft and Kishler 1973). The general 
impression received from personal communications 
with lifetime residents along western Lake Erie is that 
the abundance of the "moss" may have reached peak 
levels between the mid-1940s to the mid-1960s. Present-
day abundance is reported not to be as "bad" as it was a 
few decades ago. These observations are generally 
based on shoreline accumulations that can be influenced 
by currents and wind patterns as well as actual abun
dance. One of the goals of this research effort was to 
provide a data base on Cladophora which would allow 
the assessment of future changes in the distribution and 
abundance (Lorenz 1981; Monaco 1985). 

Ulothrix is a common alga that occurs within all five of 
the Great Lakes. It is the dominant littoral alga in Lake 
Superior. Ulothrix generally grows throughout western 
Lake Erie in the same areas that support Cladophora. 

Bangia, unlike Cladophora and Ulothrix, is a recent in
vader into the Great Lakes (Kishler and Taft 1970; Da
mann 1979; Graham 1982). Bangia was first observed in 
Lake Erie at Buffalo Harbor in 1964 (Lin and Blum 1977). 
The geographical distribution of the algae had extended 
to the island region by 1969 when Kishler and Taft re
corded its presence at Marblehead Peninsula, South 
Bass Island, Middle Bass Island, and Ballast Island. Ban
gia is now present throughout the western basin, and 
has been observed to be increasing in distribution in all 
the Great Lakes except Superior where no populations 
have been observed (Sheath and Cole 1980; Auer pers. 
comm.). 

It is generally accepted that Bangia has migrated into 
the Great Lakes from the intertidal region of the Atlantic 
via the St. Lawrence Seaway (Lin and Blum 1977; Gar-
wood 1979; Graham 1982). The experimental work of 
Geesink (1973) and Sheath and Cole (1980) has shown 
that the saltwater species B. fuscopurpurea and the fresh
water species B. atropurpurea are both adaptable to 
either fresh- or saltwater environment. From this evi
dence the two species have been concluded to be con
specific. It has been hypothesized that the increasing 
salinity (as total dissolved solids) of the Great Lakes, 
particularly along the shorelines and in harbors, may 
have contributed to the establishment of Bangia (Brey
man 1974). The invasion of other halophilic organisms 
into the Great Lakes may be promoted if the chemical 
composition of the near-shore regions continue to in
crease in halides, as suggested by Lin and Blum (1977). 
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Recent evidence indicates that Bangia is not the only 
filamentous alga to invade the Great Lakes shores from 
the marine tidal environment. Ultrastructural studies on 
mitotic divisions and reproductive cells and habitat pref
erence all suggest that probably Cladophora and Ulothrix 
zonata invaded from the marine environment a very 
long time ago (Graham 1982). The ultrastructural stud
ies have also shown that Cladophora and U. zonata are in 
the Ulvaphyceae and phylogenetically much more 
closely related than previously thought (Sluiman et al. 
1980; Hoops et al. 1982; Floyd et al. 1985). The close 
phylogenetic relationship of U. zonata and Cladophora 
may explain the similar habitat preference of the two 
species and why U. zonata distribution is different from 
the other freshwater Ulothrix species. 

Vertical Distribution and Seasonal Abundance 
The littoral zone of western Lake Erie is a high-energy, 
dynamic environment subject to wide variations in envi
ronmental conditions that affect both the vertical zona
tion and seasonal distribution patterns of the algal 
association. The littoral zone is composed of three com
ponents based on water level: the infralittoral zone (the 
region below mean water level for a particular season), 
the eulittoral zone or splash zone (the wave-influenced 
zone extending approximately 20 cm below to 20 cm 
above the mean water level) and the supralittoral zone 
(the region above the eulittoral zone that is influenced 
by spray of the waves) (fig. 1). Although the littoral hab
itat may be conveniently divided into specific zones, the 
distribution of the algae is much more complex due to 
the heterogeneity of the shoreline and the endless di
versity of microhabitats. 
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Fig. 6.1. Filamentous algae in western Lake Erie. 
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During the ice-covered months of winter and ice

breakup in the spring, the substrate in the supralittoral,

eulittoral, and upper infralittoral zones is exposed to

freezing conditions and the forceful scouring action of

the ice. As a result of this action, at the beginning of the

open-water season, the upper portion of the littoral re

gion becomes denuded of previous algal colonization

except for some scattered small filaments of Bangia and

Cladophora holdfast that have been sheltered by cracks

and crevices.


Cladophora 

Cladophora overwinters in the crevices along the shore 
and in the infralittoral zone under the ice as 1- to 3-cm 
filaments. Observations under the ice in January indi
cate that Cladophora is capable of minimal winter 
growth. Cladophora filaments have also been observed 
on objects placed under the ice in early winter and re
moved in March as the ice was breaking up. In mid-
April when temperatures are near 5CC Cladophora is ob
served at depths of 0.5-1 m as 0.5 to 3-cm green fila
ments arising from brown holdfasts that have 
overwintered. The greatest concentration of filaments at 
this time is in crevices and along edges of rocks. As tem
peratures rise above 10°C, the density and distribution 
of Cladophora expands shoreward into the eulittoral 
zone, previously occupied by Ulothrix. From May 
through June the Cladophora standing crop continues to 
increase, reaching maximum levels in late June to early 
July. The maximum standing crop collected in western 
Lake Erie during this study was 240 g DW/m2 (Monaco 
1985). Standing biomass can vary greatly from year to 
year. 

The optimal temperature range for Cladophora produc
tion based on laboratory findings is 13-17°C (Graham et 
al. 1982), which agrees with the field observations. 
Where substrate is not limiting the maximum depth of 
Cladophora, colonization is limited by light. In the turbid 
western basin this maximum depth of colonization var
ies from 1.5-7.0 m (Lorenz et al. in prep). Field observa
tions indicate that 50 n,E/m2/sec is the limiting light 
value for colonization (Monaco 1985). Laboratory results 
placed the minimum light capable of supporting growth 
between 25 and 35 (xE/m2/sec (Lorenz 1981; Graham et 
al. 1982). Optimum light levels for Cladophora are be
tween 300-600 |xE/m2/sec, considerably lower than the 
optimum level of 1,200 |iE/m2/sec for Ulothrix (Auer et 
al. 1983). 



70 P A R T 2 Near-shore Distributional Patterns 

As the Cladophora population of the infralittoral zone 
grows in the spring, the environment of the previously 
barren bedrock changes into one of a dense, productive 
meadow. The presence of the extensive Cladophora beds 
greatly increases the available surface area and provides 
a habitat for a wide variety of organisms. The rough, rel
atively mucilage-free cell wall of Cladophora (Lowe et al. 
1982) provides an excellent substrate for epiphytic orga
nisms, particularly diatoms. At the peak biomass in late 
June many of the Cladophora filaments are obscured by 
the dense epiphytic population. This epiphytic commu
nity is possibly stimulated by the release of nutrients 
from the senescing Cladophora cells. The abundant epi
phytic organisms in turn provide the base for a diverse 
invertebrate community. The growth dynamics of Clado
phora closely coincide with the reproduction of many 
species. The physical environment created by Cladophora 
in the spring provides a substrate that is used by repro
duction by both invertebrates and fish. The macro
phyte-dominated littoral zones of lakes have long been 
known as nursery areas for numerous aquatic species. 
With the destruction of most of the macrophyte areas in 
western Lake Erie (Stuckey 1970) the Cladophora beds 
may be providing one of the few refuges for an impor
tant community that is having its habitat destroyed. 

During July and August the standing crop of Clado
phora in the infralittoral zone declines to short (0.5-2.0 
cm) brown holdfasts. The loss of biomass is most promi
nent during periods of rough water, although during 
July the slightest disturbance dislodges filaments. From 
August to mid-September the infralittoral zone does not 
support Cladophora growth. During this period of the 
summer Plectonema wollei and Phormidium sp. commonly 
occur entangled on the Cladophora stubble at depths of 1 
m and greater. On the east side of South Bass Island in 
July Tetraspora lubrica colonizes the shallow (0.5m) de
nuded rocks previously colonized by Cladophora. 

In sharp contrast to the infralittoral zone, Cladophora 
thrives in the eulittoral zone from its initial colonization 
in May through the summer. The eulittoral population 
does show some signs of stress in August and becomes 
patchy in distribution for some areas. In early fall (mid-
September to October) the Cladophora in this zone 
undergoes massive sporulation, resulting in large apical 
areas of the filaments with empty cells (sporangia) 
which appear as whitish tips on the filaments. Soon 
after this sporulation a fall resurgence of Cladophora col
onization in the infralittoral zone occurs. This fall colo

nization extends to approximately 1 m of depth, not 
being as extensive in vertical distribution as in the 
spring. Cladophora remains present in both the infralit
toral and eulittoral zones on into December. Both Bangia 
and Ulothrix also have a fall colonization with similar 
distributional patterns to that of the spring. 

Ulothrix 
Soon after the ice disappears, a sparse colonization of 
Ulothrix appears along the waterline. By early April, 
when surface-water temperatures are near 4° C, Ulothrix 
has become well established forming a distinctive green 
band along the waterline. The vertical distribution of 
Ulothrix expands with the fluctuating and slowly rising 
water levels of the spring. During this period of rapid 
Ulothrix growth, several distinct bands of the alga are 
noted on vertical substrate resulting from massive spor
ulations and rapid colonization of the zoospores along 
the fluctuating waterline. 

The vertical distribution and seasonal abundance of 
Ulothrix peaks near late April when water temperatures 
are approaching 10° C. The alga reaches to a maximum 
depth of 1 to 1.5 m where it occurs as scattered patches. 
Spatial distribution of Ulothrix varies greatly on a local 
scale from 100% coverage to complete absence in similar 
adjacent areas. Maximum filament length of 3-4 cm 
occurs just below the surface. As water temperatures in
crease above 10° C and day length increases, the abun
dance and vertical distribution of Ulothrix begins to 
decline. Ulothrix is generally not evident after May, al
though it has been observed in a few locations as late as 
July. Ulothrix returns to the lower eulittoral zone in the 
fall as temperatures decline below 10° C. The early colo
nization and dominance of Ulothrix in the upper littoral 
zone during the spring is the result of the alga capability 
to thrive at low temperatures. The photosynthetic opti
mum temperature for Ulothrix is 5° C (Auer et al. 1983; 
Graham etal. 1985). 

Bangia 

Sparse patches of Bangia appear in the upper portion of 
the eulittotal zone in April, above the heavily colonized 
zone of Ulothrix. Bangia increases in abundance and ver
tical distribution during May when lake temperatures 
are in the range of 6-16° C, reaching peak levels in June. 
The red alga occupies the substrate above Ulothrix in the 
eulittoral and low supralittoral zones in the early spring. 
The alga intermingles and partially replaces Ulothrix by 
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June, extending its vertical distribution to the waterline. 
The distribution of Bangia is much more irregular than 
that of Ulothrix or Cladophora. Bangia is normally the up
permost algal component in the vertical zonation 
scheme (fig. 1). However, in some steep vertical areas 
with a northern aspect, thick mats of Oscillatoria sp. may 
occupy the supralittoral zone above Bangia. Populations 
of Bangia decline during the summer but remain present 
until the fall when a resurgence of growth occurs. 

This conspicuous red alga is most abundant on wave-
exposed vertical substrate such as breakwalls, steep 
shorelines and boulders where it can find suitable habi
tat that is not in direct competition with Cladophora. Ban
gia does not colonize areas with gently sloping 
horizontal splash zones, such as the eastern sides of the 
islands. 

Summary 
The seasonal abundance and vertical zonation of Clado
phora, Ulothrix, and Bangia in western Lake Erie (fig. 1) 
can generally be explained by examining the environ
mental influences of temperature and light on the inher
ently different physiological tolerances of the algae. The 
adaptation of each species to an unique range of envi
ronmental conditions allows each organism to compete 
successfully in its environment. Competition for nu
trients is not a factor controlling the distribution of the 
algae in western Lake Erie due to the high nutrient lev
els and constant movement of water in and out of the 
littoral region. 

The bimodal seasonal distribution pattern of Ulothrix, 
with rapid colonization of the available substrate in the 
early spring and late fall, is the result of its ability to 
photosynthesize effectively at low temperatures. When 
lake temperatures increase, the competitive edge shifts 
to Cladophora and Bangia, which have higher tempera
ture optimums. As the temperature approaches 10°C, 
Cladophora begins to invade the previously occupied 
Ulothrix substrate and Bangia invades from the zone 
above. The vertical zonation that develops in late 
spring, with Bangia above Cladophora, allows both spe
cies to coinhabit the littoral zone. The decline of Clado
phora in the infralittoral zone in midsummer is the result 
of high temperature and light levels causing respiration 
to be greater than the gross photosynthesis, creating a 
negative energy balance for the alga. The physiological 
ability of Bangia to withstand desiccation has allowed it 

Major Filamentous Algae 

to invade and become successfully established in a habi
tat above the two original species. Filaments of Bangia 
intermingled with the filaments of Cladophora along the 
waterline indicate that the habitat of the two species 
overlaps somewhat, and in this zone the two algae are 
in competition for substrate. 
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7 The Near-shore Macrobenthos of the 
Island Region of Western Lake Erie 

THOMAS J. FINK AND KENNETH G. WOOD 

Many studies and reviews of the deep-water or lake-
ward areas of the western basin have chronicled in de
tail the dramatic changes in the macrobenthos during 
the past half century. This history has recorded the de
mise of the fauna dominated by Hexagenia mayflies, 
Oecetis caddisflies, and Unionidae clams and its virtual 
replacement by Oligochaete and Chironomidae typical 
of declining water quality (Wood and Fink 1984). 

In contrast, the shore (0 to lm depth) and near-shore 
macrobenthos around the islands have not been re
ported on in detail since the late 1920s and 1930s. 
Krecker and Lancaster (1933) and Shelford and Boesel 
(1942), from their respective studies in the summers of 
1929,1930, and 1937, reported the presence of a rich and 
largely loticlike fauna in the shallows around the Bass 
and nearby islands. The purpose of the present study 
was to investigate the condition of this fauna about forty 
years later. We concentrated our efforts on the macro-
benthos living on flat and angular rubble in a 0 to lm 
depth of water since that was the zone in which Krecker 
and Lancaster found the benthos to be richest in both 
variety and abundance (except for Chironomidae). We 
also investigated to a lesser degree the near-shore fauna 
in 1-9 m of water. 

Methods 
The shore zone (0 to lm depth) was sampled qualita
tively and quantitatively from twenty-three stations in 
the Bass Islands area (fig. 1) from May 28 to August 6, 
1974. Flat and angular rocks were lifted from the water 
and attached organisms were picked or washed off. 
Roughly 2.0 m2 of rock surface area from seventeen 
rocks was sampled quantitatively. The surface area of 
the rock was estimated by measuring all sides of each 
rock with a ruler. 

Flat areas of large boulders and shelving rock (see 
Krecker and Lancaster for a description of different sub
strate types around the islands) were occasionally sam
pled by scraping with an aquarium net. Adult aquatic 
insects were sampled by aerial sweep netting and by 
picking up adults, attracted by nearby lights, that be
came attached to buildings and boats. Additional obser
vations and collections for adult mayflies, using 
methods as noted above and also using our own light 
traps, were made on June 4 and 5,1976, and May 30
June 3,1985. Also on July 7-8,1975, William L. Peters 
(pers. comm.) collected some Hexagenia rigida from the 
side of a building on South Bass Island. In an attempt to 
collect some larval Psephenus herricki, flat and angular 
rocks adjacent to Gibraltar Island by Alligator Bar and 
from Alligator Bar were sampled for thirty-five minutes 
on June 4,1985. 

A clam dredge 0.6 m in width with a fine mesh nylon 
bag was used to sample the near-shore zone, 1-9 m in 
depth, from thirty-five stations (fig. 1). Substrata varied 
from mud and sand to rubble and bedrock. The dredge 
was used sixty times. 

Results and Discussion 

The shore zone, 0 tolm depth: similarities to the 1930s 
Figure 2 is our attempt to compare as directly as possible 
the results of Krecker and Lancaster's and Shelford and 
Boesel's studies with ours. Limitations of such a com
parison stem from different sampling methods and 
analysis of data and different levels of taxonomic identi
fication employed in the three studies. Also the percent
age abundance of the various taxa might be expected to 
vary, often greatly, from year to year depending on dif
fering climatic patterns. In our study we tabulated the 
surface area quantitatively sampled as that of total rock 
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Fig. 7.1. Summer 1974 shore (0-1 m depth, circles) and near-
shore (1-9 m depth, squares) macrobenthic sampling stations. B, 
Ballast Island; M, Middle Bass Island; N, North Bass Island; S, 
South Bass Island. 

surface area of only those rocks we picked organisms 
from. In the other two studies in the 0 to lm zone, 
quadrats were used (1 yd2 and 0.1 m2 for the above two 
studies respectively); thus the surface area sampled in 
these studies is not exactly comparable to our 1974 
study. Despite the problems above, several important 
points are readily apparent from figure 2 and from qual
itative data reported in the three studies. 

In all three studies (fig. 2) the fauna is largely a lotic-
like fauna dominated by Hydropsychidae caddisfly lar
vae and Chironomidae larvae. The most numerous 
Chironomidae included members of the genus Cricoto
pus of which C. triannulatus (MacQuart) (formerly C. exilis 
Johannsen) and C. politus (Coquillett) were the most 
abundant on hard rock substrata (Boesel 1983). In our 
1974 study, the caddisfly larvae of Symphitopsyche recur-

Near-shore Distributional Patterns 

vata (formerly Hydropsyche recurvata) and Cheumatopsyche 
campyla were often so abundant that their retreats liter
ally covered the sides and bottoms of many rocks. These 
two species comprised 44 and 19% respectively of the 
total macrobenthos in the quantitative samples. S. recur
vata was dominant in the early part of the summer while 
C. campyla was dominant from July on. Hydropsychidae 
larvae were also important members of the shore fauna 
of the Canadian shores of all the Great Lakes, and Hy
dropsyche quttata Pictet, Symphitopsyche recurvata, and 
Cheumatopsyche campyla were reported from the Cana
dian shore of the western basin (Barton 1976). Hydrop
sychidae caddisfly larvae were so prevalent in the 
summer of 1937 that Shelford and Boesel characterized 
this zone as the Hydropsyche-Elimia (as Goniobasis) zone. 
The snail Elimia livescens livescens was also very common 
in our study. However, we would not pick it to repre
sent the shallow (0 to lm depth) zone, since it clearly 
prefers quieter water in more protected locations 
(Krecker 1924; Wiebe 1926; Dennis 1928) such as pro
tected docks; much of the flat and angular rock habitat 
in the 0 to lm zone is exposed to the full force of the 
waves. In protected areas this snail could be found in 
very large numbers, often just below the water line. 

The larvae and adults of Stenelmis crenata riffle beetles 
were common and omnipresent components of the ma
crobenthos in the 1930s and 1970s (and 1985) as well as 
Heptageniidae mayfly larvae (fig. 2). Shelford and Boe
sel reported Stenonema femoratum (as S. tripunctatum 
Banks) and S. pulchellum as the two most abundant Hep
tageniidae. Jenkins (1939) from adult collections (June 15 
to September 1,1938, and part of this period in 1939) 
found S. femoratum (as S. femoratum, S. tripunctatum and 
S. scitulum Traver), Stenacron interpunctatum and Steno-
nema pulchellum to be the most abundant Heptageniids 
in that order of decreasing abundance. The most abun
dant Heptageniid larva collected in our survey was S. 
pulchellum at 4.0/m2, and we also collected a few speci
mens of S. femoratum and Stenacron gildersleevei. S. pul
chellum was also the most common Heptageniid larva 
collected along the mainland Canadian shores of Lake 
Erie (Barton 1976). Krecker and Lancaster found Hepta
genia to be the second most abundant mayfly in 1929-30. 
Most of these specimens probably include the Stenonema 
and Stenacron species listed above, since both these gen
era were included in Heptagenia until Traver (1933) 
erected the genus Stenonema and Jensen (1974) erected 
Stenacron from several Stenonema species. However, at 
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least two species of Heptagenia, H. hebe McDunnough 
and H. maculipennis Walsh, were collected from the Ca
nadian shore of the western basin in 1974 (Barton 1976). 
Jenkins also collected these two species in addition to 
two other Heptagenia, H. aphrodite McDunnough and H. 
juno McDunnough. 

The most abundant mayfly larva in 1974 was Baetis 
flavistriga (formerly B. phoebus McDunnough), which 
was also the fifth most abundant macroinvertebrate in 
our quantitative collections at 39.5/m2 (fig. 2). Strictly a 
shallow shore-zone resident, B. flavistrige was found to 
be abundant at depths of 0-15 cm but rare at depths 
greater than 15 cm in Douglas Lake, Michigan (Lyman 
1955). Caenis was the second most abundant mayfly and 
tenth most abundant macroinvertebrate in 1974 at 12.5/ 
m2 (fig. 2). In 1929-30, Caenis accounted for 15% of the 
fauna (Krecker and Lancaster) (fig. 2). Caenis spp. were 
also well represented in adult collections of 1938-39 
(Jenkins). 

The planarian Dugesia tigrina at 33.9/m2 was very com
mon in 1974 (fig. 2), and was one of the few inverte
brates that could occur abundantly on smooth rounded 
rocks and boulders. This planarian was present in the 
1930s as well (Krecker and Lancaster) and was probably 
as common then. 

Chironomidae other than Cricotopus were also very 

Near-shore Macrobenthos of the Island Region

 40 80 120 

Hydropsychldae 

Chironomtdae 

Physella 

Caenis 

He(itageniidae 

Fig. 7.2. Comparison of benthic sur
veys in the shore zone (0-1 m depth) 
of the Bass islands area of the west
ern basin of Lake Erie. 1974, present 
study; 1937, data from Shelford and 
Boesel (1942); 1929-30, data from 

1929-30 Krecker and Lancaster (1933). 

common in 1974 (table 1), especially members of the 
genera Rheotanytarsus and Polypedilum (fig. 2). Snails of 
the genus Physella (formerly Physa) were important con
stituents of the macroinvertebrate fauna in the 1930s 
(fig. 2) and in 1974. Physella gyrina and P. integra were 
abundant in 1974, but generally in quiet protected areas, 
where numbers could reach 200/m2 or more. In addi
tion, Fossaria (formerly Lymnaea) snails were common in 
such areas. Bithinia tentaculate snails, formerly abundant 
in the lakeward area of the western basin (Wood and 
Fink 1984), were found in some numbers at two North 
Bass Island shore stations. 

Important caddisflies other than hydropsychidae in
cluded Ceraclea (10.5/m2) and Neureclipsis (1.0/m2) which 
were both common, and Ceraclea (10.5/m2) and Neure
clipsis (1.0/m2) which were both common, and Oecetis 
which was occasional in the shallow shore zone. Cera
clea was also common in Krecker and Lancaster's study. 
We did not collect any specimens of Molanna since we 
did not sample in its preferred habitat of sand and mud 
(Wiggins 1977), except with the relatively inefficient 
clam dredge in deeper water offshore. Krecker and Lan
caster and Shelford and Boesel reported this species, as 
well as Marshall (1939) from light-trap collections in 
1937. 

A variety of other macroinvertebrates were encoun



Table 7.1 Macrobenthos of the Shore (0-1 m) and Near-shore (1-9 m) Areas of the Bass Islands, Summers 1974
76, and 1985 

Taxon 

Ephemeroptera 
bBaetis flavistriga McDunnough 
Caenis 
Stenonema pulchellum (Walsh) 

cStenonema femoratutn (Say) 
dStenacron interpunctatum (Say) 
eStenacron gildersleevei (Traver) 
'Hexagenia litnbata (Serville) 
'Hexagenia rigida McDunnough 
'Ephemera simulans Walker 

Trichoptera 
^Symphitopsyche recurvata (Banks) 
Cheumatopsyche campyla Ross 
Neureclipsis 
Cyrnellus fraternus (Banks) 
Polycentropus 
Ceradea [cancellata (Betten), 

transversa (Hagen), 
tarsipundata (Vorhies)] 

Oecetis 
Nedopsyche 
Hydroptila 
Orthotrichia 

Diptera-Chironomidae 
Cricotopus 
Psedrodadius 
Trichodadius 
Dicrotendipes 
Glyptotendipes 
Microtendipes 
Parachironomus 
Cryptochironomus 

Polypedilum 
Chironomus 
Pseudochironomus 
Rheotanytarsus 

Tanytarsini 
Prodadius 

Tanypodinae 
unidentified larvae 

Amphipoda 
Gammarus fasciatus Say 

Isopoda 
Asellus intermedius Forbes 
Asellus racovitzai racovitzai Williams 

a#/m2 

(56.0) 
39.5 
12.5 
4.0 

(888.0) 
610.5 
263.5 

1.0 

10.5 

0.5 

0.5 

(277.0) 
216.5 

2.5 
0.5 
4.5 
3.5 
1.5 
1.0 

14.0 

0.5 
17.5 

15.0 
(113.5) 
113.5 

(3.0) 
3.0 

Taxon 

bHelicopsyche borealis (Hagen)

Leptoceridae pupae

unidentified larvae


Coleoptera 
Stendmis crenat (Say) larvae 

adults

Nacronychus glabratus Say

Lutrochus laticeps Casey

Anchytarsus bicolor (Melsheimer)

Edopria nervosa (Melsheimer)


'Psephenus herricki (De Kay) 
Lepidoptera 
'Petrophila 
Odonata 

Enallagma exsulans (Hagen) 
Hemiptera-Corixidae 
Diptera 

Antocha 
Tipulidae

Empididae

Simuliidae

Hemerodromia ?

unidentified larvae


mElimia livescens livescens (Menke)

Bithynia tentaculata (Linnaeus)

Ferrissia

Gyraulus defledus (Say)

Valvata


Pelecypoda 
"Unionidae (12 live and 13 dead collected 

Quadrula pustulosa (Lea) 
Amblema costata (Rafinesque) 
Fusconaia flava flava (Rafinesque) 
Anodonta grandis grandis Say 
Obliquaria reflexa Rafinesque 
Proptera alata (Say) 
Obovaria subrotunda (Rafinesque) 
Leptodea fragilis (Rafinesque) 
Ligumia nasuta (Say) 
Ligumia reda (Lamarck) 
Lampsilis radiata siloquoidea (Barnes) 
Lampsilis ovata ventricosa (Barnes) 

Sphaeriidae 
Platyhelminthes 

Dugesia tigrina (Girard) 

a#/m2 

0.5 
1.0 

(9.0) 
5.0 
1.5 

2.0 
0.5 

(0.5) 
0.5 

(6.0) 
1.0 
3.0 

0.5 

1.5 

by dredge) 
[1,0] 
[1,0] 
[2,0] 
[2,0] 
[1,0] 
[1,4] 

[0,1] 
[0,1] 
[0,1] 
[0,1] 
[3,3] 

[1,2] 

(33.9) 
33.9 



C H A P T E  R 7 Near-shore Macrobenthos of the Island Region 77 

Table 7.1 continued 

Taxon 

Decapoda 
Gastropoda 

kPhysella [gyrina gyrina (Say), 

Integra integra (Haldeman)] 

'Fossaria 
Hirudinea 

*#lm2 Taxon 

1.0 Hydracarina 
(2.5) Cnidaria 
1.5 Hydra 

Bryozoa 
1.0 

(1.0) 
Erpobdella punctata punctata (Leidy) 0.5 
Helobdella 

unidentified 0.5 
Oligochaeta 

Nflis pseudobtusa Piguet 

Nfli's bretscheri (Michaelsen) 

Nflis elinguis Miiller 

Nfli's communis Piguet 

Nat's variabilis Piguet 

Nfli's barbata Muller 

Chaetogaster diaphanus (Gruithuisen) 
Branchiura sowerbyi Beddard 
Tubificidae 

a Counts from 17 rocks totaling approximately 2.0m2 (all sides), taxa without numbers are from qualitative collections. 
b-«.g..-m jhggg (a x a w e r  e formerly: b, Baetis phoebus McDunnough; c, Stenonema tripunctatum tripundatum (Banks); d, Stenonema 

interpunctatum (Say); e, Stenonema gildersleevei Traver; g, Hydropsyche recurvata Banks; i, Psephenus lecontei (Le Conte);  j , Paragyractis; k, 
Physa gyrina Say, Physa integra Haldeman; 1, Lymnaea; m, Goniobasis livescens (Menke). 

' Collected as subimagoes or imagoes, or cast final instar larval exuviae. 
h Only one empty larval case collected. 
n In [ ], the first number refers to the number of live individuals collected, the second number refers to the number of dead 

individuals collected (both valves collected intact). 

tered in our study (table 1). The leech Erpobdella punctata 
was commonly seen while collecting and could reach 
populations locally as high as 8/m2. In order to quantify 
this fast-swimming species accurately, enclosed quad
rats have had to be employed in order to prevent es
cape. Krecker and Lancaster also recorded this species 
as common in shallow water amongst angular rubble, 
and they were also common around the Bass islands in 
1926 (Miller 1929). Naididae oligochaetes of the genus 
Nais were occasionally taken in great numbers in rock 
detrital scrapings. The coelenterate Hydra was taken in 
many collections, and gemmules of Bryozoa were often 
taken. Water mites (Hydracarina) were abundant but no 
attempt was made to quantify and identify these inter
esting arachnids. Two species of isopods were collected. 
Asellus racovitzai racovitzai was uncommon in our shal

low-water collections and Barton and Hynes (1976) col
lected only one specimen in all their Great Lakes shore 
collections. This species has been considered the domi
nant Great Lakes isopod (Williams 1976), but in offshore 
and sheltered areas (Barton and Hynes). Kerr (1978) 
sampled from fifty-two deep-water stations in the west
ern and central basins in 1975 and found A. r. racovitzai 
predominantly in the central basin with the western 
basin specimens largely restricted to the Bass Island 
area and areas south of Point Pelee. The reason for this 
distribution is unknown (Kerr 1978). Asellus intermedius 
was occasionally taken in our collections and was the 
most abundant isopod along the Canadian shores of 
Lakes Erie and Ontario (Barton and Hynes 1976). Until 
the summer of 1974 this species had not been reported 
from the Great Lakes (Barton and Hynes 1976). 
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The near-shore zone, 1-9 m deep 
Where flat and angular rubble occur offshore we should 
expect much of the same fauna as found in the shal
lows, although in reduced numbers. Although the clam 
dredge was inefficient in sampling the rocky near-shore 
habitat and other habitats, certain species appeared to 
prefer this area as compared with life in 0-1 m of water. 
These species will be reported on in this section. 

Stenacron interpunctatum (Heptageniidae) was the 
dominant, or at least most noticeable, adult mayfly 
swarming around the Bass Islands in the summer (subi
maginal and imaginal collections July 3-August 7, 1974; 
June 4-5,1976; May 30-June 3,1985). Swarms often 
reached such abundant proportions that they became 
clouds of dancing male imagoes, and many matings 
were witnessed. Subimagoes and imagoes also were 
often found in abundance attached to buildings and 
boats, especially where the adults were initially at
tracted by lights. However, despite the abundance of 
the adults, we collected very few larvae in our study. 
Lyman (1955) found that S. interpunctatum was most 
abundant in water 1-2 m deep and much less numerous 
closer to shore in Douglas Lake, Michigan. Lamp and 
Britt (1981) investigated the comparative ecology of 
Stenonema pulchellum and Stenacron interpunctatum in Big 
Darby Creek, Ohio. They found that S. pulchellum oc
curred on stones in swift water while S. interpunctatum 
lived on stones in a slower current. Thus, in Lake Erie S. 
pulchellum and S. interpunctatum occur in habitats that 
parallel their stream microenvironments. The wave-
washed zone approximates the conditions of a swift 
stream current, while the 1 to 2m (or greater) zone ap
proximates the conditions of a much slower current. 

Some of the caddisflies appeared to prefer the near-
shore environment. Cyrnellus fraternus and Polycentropus 
were generally collected by dredge off rocks at 2- to 7-m 
depth. 

The near-shore environment also harbors sand-gravel 
and mud habitats, since the greater depth allows these 
finer substrate particles to accumulate. Unionidae clams 
are important members of sand and mud substrata 
around the islands. Brown et al. (1938) collected 481 
clams in 24 species from approximately one acre in Fish
ery Bay. Elliptio dilitata (Rafinesque) and Lampsilis radiata 
siliquoidea were the two most abundant clams at 134 and 
84 secimens respectively. Shelford and Boesel also 
found L. r. siliquoidea to be the dominant Unionid clam 

on shifting sand bottoms surrounding the islands and 
south mainland shore. Like Brown et al. (1938), we 
found the clam dredge to be inefficient around the is
lands, but high water precluded locating clams by wad
ing barefoot as they had done. We collected only 12 live 
clams in 60 dredgings (table 1) but only about 33 dredg
ings were in suitable mud-sand habitats. L. r. siliquoidea, 
the dominant lakeward clam (Wood and Fink), was the 
most numerous clam at three specimens. The percent
age of dead shells (both valves intact) from all species of 
52% compares favorably to the lakeward areas of 79% 
(Wood and Fink). We also collected several specimens 
of very recently dead or alive Leptodea fragilis which 
were washed onto the shores of the Bass islands. 

Spectacular emergences of Hexagenia mayflies were 
once common in the western basin (Langlois 1951), but 
these mayflies were essentially extirpated from the lake-
ward areas of the western basin since the catastrophic 
calm of the summer of 1953 allowed the depletion of ox
ygen in the larva's mud substrate to lethal levels (Wood 
1973). Hexagenia larvae have not been reported from the 
lakeward areas of the western basin after 1965 (Britt et 
al. 1973,1980; Veal and Osmond 1968. While the great 
Hexagenia emergences may never occur again in the 
western basin, it is likely that populations exist in 
muddy areas close to shore where wave action is suffi
cient to maintain minimum oxygen levels without 
washing away the mud. On July 28,1974, a number of 
H. limbata subimagoes were attracted to the lights of a 
ship moored in Squaw Harbor, South Bass Island, and 
on July 7-8,1975, W. L. Peters collected some H. rigida 
from the side of a building on South Bass Island. These 
imagoes may, however, have come from nearby Terwil
liger's Pond where Hexagenia larvae have been collected 
(Schooley 1983) and even stocked (Britt, pers. comm.). 

Britt (1962) from 1948 to 1953 collected and conducted 
comprehensive life history studies of two additional 
burrowing mayfly species, Ephemera simulans and Epho
ron album (Say), from gravel-sand shoals around the 
Bass islands, especially from Alligator Bar (between Gi
braltar Island and Oak Point of South Bass Island). Al
though we did not search for larvae in their habitats, 
large populations of Ephemera simulans still exist around 
the islands. E. simulans imagoes were collected on June 
30 and July 7,1974; and an especially large emergence of 
Ephemera was indicated on June 4-5,1976, by an abun
dance of subimagoes and imagoes on buildings and at 
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light trap, large aerial swarms, and many final instar lar
val exuviae were collected from Fishery Bay. A large 
mating swarm was also observed on May 31,1985. 

Changes since the 1930s 

In contrast to the lakeward areas, the shore-zone macro-
benthos have been relatively stable since the 1930s be
cause oxygen depletion of the water cannot occur due to 
constant mixing by wave action, even on calm days. 
However, several important changes have apparently 
occurred. 

One of the most intriguing changes in the island re
gion is the recent apparent demise of the burrowing 
mayfly Ephoron album. Britt (1962) found from 1948 to 
1953 abundant populations of E. album in the same habi
tats and localities as Ephemera simulans, another burrow
ing mayfly (most collections in the vicinity of Alligator 
Bar). Considerable sampling effort by Britt and his 
aquatic entomology classes in the 1960s failed to procure 
any Ephoron larvae, although Ephemera larvae were still 
found. Only an occasional flying adult was observed in 
the late 1950s and early 1960s and none in later years 
(1960s-1982, according to Britt pers. comm.). We did 
not collect any adults or final instar larval exuviae, but 
we probably missed the peak of the emergence period 
which occurs in late July to September (Jenkins 1939; 
Britt 1962). However, E. album larvae were collected 
from the northern shore of the western basin in 1974 but 
were found at only one of three stations (Barton 1976) 
and were considered rare (Barton and Hynes 1978a). 
Reasons for the apparent decline of E. album from the is
land region await further research. 

The distinctive caddisfly Helicopsyche borealis may now 
be absent from the western basin. Apparently Krecker 
and Lancaster found this species in some numbers in 
1929-30 (see their table 2, p. 89), and Shelford and Boe
sel (1942) also reported it. Marshall (1939) considered 
the adults to be abundant around the islands in late 
June-early July of 1937; she collected 694 females and 
2,209 males at light from June 15 to September 9. Britt in 
the late 1950s and 1960s collected large numbers of lar
vae near the concrete wall at Oak Point, but none were 
found in later years. These larvae appeared to disappear 
at the same time as Ephoron album at the same locality 
(Britt, pers. comm.). In 1974 we found only a single 
empty case and Barton found no larvae in the western 
basin (Barton 1976) and considered it rare along the Ca-
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nadian shore of the entire length of Lake Erie (Barton 
and Hynes 1978a). H. borealis larvae were also rare along 
the Canadian shores of Lake Ontario and Georgian Bay, 
but were common in Lakes Huron and Superior (Barton 
and Hynes 1978a). In the early 1970s we collected good 
numbers of Helicopsyche borealis from the mouth of a 
stream entering into the middle of the eastern basin, but 
we did not, unfortunately, look for them in the lake. 
Reasons for the disappearance of H. borealis are unknown. 

The caddisfly genus Ceraclea remains an important 
component of the shore macrobenthic fauna, but in the 
1930s ten species were collected [although three species 
were uncommon (Marshall 1939)] compared with only 
four today (table 2). The reasons for the apparent disap
pearance of more than half of the Ceraclea species are 
unknown. It is possible that sponges, food of some Cer
acles (Resh 1976), were reduced since the 1930s, perhaps 
by the proliferation of Cladophora. However, both C. 
transversa and C. resurgens occur today and both were 
considered by Resh (1976) to be obligate sponge feeders 
at least at some point in their life cycle. 

The waterpenny Psephenus herricki was one of the 
most abundant shoreline taxa in Shelford and Boesel's 
study (fig. 2). In shallow water they state that P. herricki 
was " . . . more often present. . ." than either Hydrop
sychidae larvae or Elimia livescens. Britt found that P. 
herricki was quite abundant during most of the years be
tween the 1940s until recent years (1970s?) when num
bers appeared to decline since considerably more effort 
was necessary to procure specimens for his aquatic en
tomology classes (Britt, pers. comm.). In 1974 we did 
not collect a single specimen, although we did collect a 
small number of larvae of the waterpenny Ectopria ner
vosa, and in 1985 collected one specimen of P. herricki 
after a 35-minute search for it on suitable substrata on 
Alligator Bar adjacent to Gibraltar Island. No specimens 
were collected along the north shore of Lake Erie, and 
this species was rare in Lakes Ontario, Huron and Supe
rior and in Georgian Bay (Barton and Hynes 1978a). The 
adults of P. herricki require emergent moist wave-
splashed rocks for mating and access to oviposition 
sites, and the pupae require rocky areas just above the 
water line where they will not be inundated by water 
(Murvosh 1971). High water levels since 1972 (see ma
crophyte paragraph below) may have reduced the Pse
phenus population by reducing the number of wave-
splashed rocks and pupation sites. 
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Table 7.2 Ceraclea Species Collected in the Bass Islands Area: 1930s-1970s 

Reference: 
Collection date: 

Species 

transversa (Hagen) 
cancellata (Betten) 
resurgens (Walker) 
tarsipunctata (Vorhies) 
albosticta (Hagen) 
erulla (Ross) 
ancylus (Vorhies) 
submacula (Walker) 
diluta (Hagen) 

Marshall (1939)

May 25-Oct. 12, 2937


No. males % of total 

1053 35.8 
860 29.3 
324 11.0 
250 8.5 
195 6.6 
127 4.3 
73 2.5 
49 1.7 

7 0.2 

Horwath (1964) 
summers 1962 and 1963 

*Resh and 
Unzicker (1975) Fink and Wood 
Dec. 1972 summer 1974 

erratica (Milne): Common in 1930s (Resh and Unzicker 1975). 

*Larval collections made on one day in December 1972 in Put-in-Bay (Resh, pers. comm.). 
T, present. 

Krecker and Lancaster collected some Plecoptera lar
vae (Perlidae) where they were most abundant on flat 
and angular rubble in 1-6 inches of water. Crowell 
(1960) collected seven Perlidae adults by light-trapping 
on Gibraltar Island from June 25 to July 16,1954. During 
this same time period, however, 225 mayfly, 314 Hy
dropsychidae, and 128 Odonata adults were also col
lected. Thus Plecoptera larvae may not have been 
particularly abundant. Britt in the early summer of 1940 
found many Acroneuria (Perlidae) adults attracted to 
lighted windows at night at F. T. Stone Lab on Gibraltar 
Island, as well as hiding between the window screen 
and frame and also in crevices in the bark of trees dur
ing the day. Britt found greatly reduced populations in 
the late 1940s and early 1950s, and between the 1970s 
and 1982 neither Britt nor his aquatic entomology stu
dents found any larvae or adults (Britt, pers. comm.). In 
1974 we did not collect any larvae despite intensive 
qualitative collections through much of June and July. 
Barton and Hynes (1978a) did not collect any Plecoptera 
larvae from the Canadian shores of Lake Erie in the 
summer of 1974. We have no explanation for the disap
pearance of these insects. 

In 1974 the amphipod Gammarus fasciatus was the 
fourth most abundant macroinvertebrate species in our 

quantitative collections at 113.5/m2 (fig. 2) and was one 
of the most visible components of the shore macroben
thos. This highly adaptable species may be found on all 
substrata at all depths [although now largely extirpated 
from the lakeward area of the basin (Wood and Fink)] 
but reaches its largest populations on Cladophora glomer
ata (Linnaeus)-covered substrata, where the filaments 
offer abundant attachment sites and a rich source of 
food in terms of attached epiphytes (Lowe et al. 1982; 
Stevenson and Stoermer 1982). Barton and Hynes (1976) 
estimated peak densities at over 10,000/m2 on Clado
phora-covered substrata. Krecker and Lancaster state 
that C. glomerata largely occupied the 0- to 6-in-depth 
zone where it could thickly cover the substrata, and in 
this zone G. fasciatus reached its greatest abundance. To
day Cladophora thickly covers the substrata from the 
water line to 2-4 in depth where it becomes light-limited 
(Lorenz and Herdendorf 1982). G. fasciatus probably ex
isted in similar numbers in the Cladophora zone in the 
1930s but with the proliferation of Cladophora to greater 
depths the total numbers of Gammarus have certainly in
creased around the islands and mainland shores of the 
western basin. 

Researchers conducting studies in the 1920s and 30s 
commented on the presence of rich macrophyte beds in 
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the harbors between South Bass Island and Gibraltar Is
land (Kennedy 1922; Krecker 1924,1939; Dennis 1928; 
Tiffany 1937; Brown et al. 1938). In 1974 the macrophyte 
fauna in protected harbors was greatly reduced. In 1940 
much of Squaw Harbor was a cattail marsh so dense 
that paths had to be mowed through the cattails to allow 
rowboats access to the open water (Britt). Stuckey (1971) 
documented the loss of 20 of the 40 species present in 
Put-in-Bay Harbor in 1898, and that only three of those 
were common or abundant in 1970, along with two 
other species not recorded in the 1897 survey. The loss 
of the plants can be attributed largely to human activi
ties. Algal blooms in the warm season due to eutrophi
cation and siltation from agricultural and other land 
development activities have greatly limited the amount 
of light available for photosynthesis at greater depths. 
Dredging, building of retainer walls and docks, and rec
reational boating have also taken their toll of the macro
phytes (Stuckey 1971; Taft and Kishler 1973). High 
water levels since 1972, with an all-time record high in 
1973, have probably further reduced the macrophyte 
fauna (Farney and Bookhout 1982). 

Ten of the fifteen species of snails collected by Dennis 
(1928) in the summer of 1927 occurred on or were associ
ated with aquatic plants and thus may have been re
duced in numbers (see Stein 1979). Krecker (1939) 
showed the importance of aquatic macrophytes as sub
strata for a large variety of macroinvertebrates. Three of 
the plants collected by Krecker in the summers of 1935
36 were still common in 1970 (data from Stuckey 1971), 
and Krecker found that two of these plants, Myriophyl
lum exalbescens Fernald and Potamogeton crispus Lin
naeus, possessed an average of 1,442 and 1,139, 
respectively, of attached macroinvertebrates per 10 lin
ear feet of plant. We do not know if the significantly 
higher water levels in 1973 and 1974 further reduced 
aquatic macrophytes from the levels of Stuckey's (1971) 
study conducted in 1967-70. We occasionally pulled up 
some Ceratophyllum demersum Linnaeus, common in 
Stuckey's study, from Put-in-Bay Harbor by the clam 
dredge in 1974. In a small north Florida lake this plant 
and water hyacinth roots were richly populated with 
Caenis and Callibaetis mayflies, caddisflies, damselflies, 
and snails (Fink and H. M. Savage, unpublished data). 
Baetis, Caenis, Callibaetis, Cloeon (a small number of adult 
specimens reported by Jenkins in 1939), and Centrop
tilum (reported by Shelford and Boesel 1942) mayfly lar
vae may utilize macrophytes as a substrate and thus 
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may now be reduced in number. More work needs to be 
done in Put-in-Bay Harbor on the relative abundance of 
the macrophytes and their attached macroinvertebrates. 

Future Research 
The shore-zone macrobenthos are an important compo
nent of the fauna of the lake that occurs not only around 
the Bass islands but also around the other islands, along 
the many shallow reefs and shoals (see Herdendorf and 
Braidech 1972, including table 10 on p. 16 which con
tains data from Baker 1967 on macrobenthic organisms 
inhabiting bedrock and rubble habitats of Niagara, Crib, 
and Toussaint reefs), and also along the Canadian and 
U.S. shores throughout the Lake. The macrobenthos are 
also important to the success of artificial reefs as fish 
habitats. 

Changes in the shore macrobenthos are likely to be 
subtle and difficult to detect without more intensive 
study. While the highly turbulent waters of this zone 
ensure high oxygenation of the water and thus prevent 
degradation of the fauna through anoxia, trace element 
and chemical pollution directly or indirectly could affect 
the fauna, and local climatic changes could affect popu
lation levels. For example, cold air temperatures during 
a short emergence season of the terrestrial adult stage of 
some aquatic insects could reduce reproductive success. 
In the previous section some changes or possible 
changes were noted, and more study would be neces
sary to clearly confirm and to determine why these 
changes have occurred. 

Many things could be done to enhance our knowl
edge of the benthos. These include year-round sam
pling to determine seasonal population changes, 
determining all groups to species, detailed life-history 
studies to look at species-specific requirements and in
teractions, and sampling from all substrata, including 
sand and small pebble beaches. Barton and Hynes 
(1978b) have discovered in the central basin, through 
on-, off- and alongshore drift samples and through on-
and offshore substrata samples, that some shallow 
shore benthos move offshore to avoid late fall and early 
spring storm and ice scour of the easily erodible shore 
sediments of this region. More of this kind of research 
would determine where other organisms spend the 
winter and how different substrate types and lake cur
rents (see Barton 1981) affect seasonal movements. 

Quantitative sampling would yield the best informa
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tion. Enclosed quadrats where organisms could be 
washed off the substrata and sucked up by some kind of 
vacuum system (e.g., Barton and Hynes 1978a) would 
probably yield the best data. In deeper areas scuba 
would be essential for accurate sampling, especially for 
charting the distribution of clams and burrowing may
flies in mud, sand, or sand-gravel shoal habitats which 
may be interspersed among rocks and boulders. These 
habitats cannot be sampled adequately by remote 
dredges. Aquatic plants would probably also be best 
surveyed and collected by scuba. However, turbid 
water during the warm spring and summer months 
would make even sampling with scuba difficult. 

Daily quantitative light-trapping and serial net-
sweeping during the flight period could help monitor 
seasonal and yearly population levels of aquatic insects 
whose serial adult stage is readily attracted by light or 
whose swarms are readily reachable by a net. Adult col
lections are exceedingly less tedious and time-consum
ing to sort and analyze than substrate collections and 
they essentially sample from a much wider area, thus 
often yielding a greater number of individuals with the 
greater chance of picking up rare and uncommon spe
cies. Light-trapping (bright mercury vapor and black 
lights would be best) and sweeping have worked or 
would work well with many caddisflies (Marshall 1939), 
mayflies (Jenkins 1939), and Chironomidae. Emergence 
traps, including large malaise traps, would also be very 
beneficial and would locate the area of immature habi
tat. Vandalism, however, would be a problem with 
traps which could not be monitored continuously. Jen
kins (1939) collected approximately 37 species of adult 
mayflies, including many rare or uncommon species 
which were not collected as larvae in our 1974 study. 
Future adult collections would provide informative 
comparisons with Jenkin's study. Similarly adult collec
tions of Trichoptera would also provide important com
parisons with Marshall's (1939) and Horwath's (1964) 
studies. A synoptic series of specimens collected should 
also be deposited in a suitable museum for study and 
comparison by later workers (contact the senior author 
of this essay for the eventual location of such a synoptic 
series from the present study). 

Probably some of the most interesting research would 
involve an investigation of the causes of the loss or re
duction of Ephoron album mayflies, Helicopsyche borealis 
and some Ceraclea spp. caddisflies, Perlidae stoneflies, 
and Psephenus herricki waterpennies (Coleoptera). One 

approach would be to conduct in situ and in the labora
tory bioassays with the above taxa collected from nearby 
areas and with taxa still present or common in the near-
shore zone. A particularly interesting study would be to 
^introduce Ephoron album into its former localities, and 
to compare its success with its former Ephemera simulans 
"neighbors." This could also be attempted in the lab. 
Certainly, much research remains to be done in the is
land area of Lake Erie. 
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8 Are Some Lake Erie Mollusks Products of 
Post-Pleistocene Evolution? 

ARTHUR H. CLARKE AND DAVID H. STANSBERY 

Introduction 
The freshwater molluscan fauna of Lake Erie contains 
more than one hundred species, many of which are 
morphologically distinguishable from populations of 
the same species in nearby rivers, including Lake Erie 
tributaries. Several of these Lake Erie variants have 
been given distinct subspecific names (e.g., see Grier 
1919 and Grier and Mueller 1926; see also the important 
papers by Brown, Clark and Gleissner 1938 and van der 
Schalie 1941). Further, we know that substantial ecologi
cal changes have occurred in the Lake Erie basin over 
the past 12,000 years, changes at least as profound as 
those which have been implicated elsewhere (Gould 
1982) as fostering significant evolutionary events, so ev
olutionary changes in some Lake Erie species might be 
expected. The problem is: have these morphological 
variants, represented by many Lake Erie molluscan 
populations, achieved discrete subspecific status or are 
the differences we observe only ecophenotypic? 

Any attempt to solve this difficult problem must pro
vide for individual evaluation of each of the species. Al
though all of these problems cannot be resolved here, 
for a general discussion, we believe it is useful to 1) con
sider some of the information we already have, 2) re
view briefly the origin and composition of the fauna of 
Lake Erie and that of some of the other Great Lakes, 3) 
describe some observations about molluscan evolution 
elsewhere in the Great Lakes system and some condi
tions which appear to be necessary there for in situ evo
lution to progress, 4) discuss natural experiments which 
have occurred, and 5) anticipate some natural experi
ments which are likely to occur in the future. These con
siderations should yield data useful in the resolution of 
the taxonomic status of Lake Erie species. 

Origin and Composition of the Fauna 
The post-Pleistocene drainage history of the Great 
Lakes, as it relates to mollusks, has been discussed by 
van der Schalie (1945) and by Stansbery (1961). Briefly 
stated, during early post-Pleistocene deglaciation, melt
water from the Erie glacial lobe formed Lake Maumee 
which spilled over the Fort Wayne Moraine into the Wa
bash River, a part of the Ohio River system (Stansbery 
1961, Map 15). Other melting lobes had other outlets 
but the Maumee is of particular interest in the present 
context. Further melting of the Erie lobe opened a lower 
outlet to the east and, for a time, the meltwater flowed 
east through the Mohawk Valley, thence south through 
the Hudson Valley to the sea (Stansbery 1961, Map 16). 
The eventual melting of the glacier off the Niagara Es
carpment and from much of the Lake Ontario basin 
made available an even lower meltwater outlet to the 
east. At this time the rich Ohioan molluscan fauna, 
which had earlier invaded glacial Lake Maumee via the 
Wabash outlet, became established in the Erie River and 
in its tributaries (Stansbery 1961, Map 17). With the 
slow (8,000-10,000 years) but steady uplift of the Niag
ara Escarpment, the Erie River Valley was gradually 
transformed into the present Lake Erie. 

A recent work on the freshwater mollusks of Canada 
(Clarke 1981) provides comparative data on the mol
lusks of Lake Superior, Lake Huron, Lake Erie and Lake 
Ontario.1 These data and additional Lake Erie records 
are given in table 1. Taxa below the level of species are 
not included in the table but several are discussed in the 
text. One native species is omitted because it does not 

1 Taxonomically compatible data on the mollusks of Lake 
Michigan are not available, but for comprehensive reviews see 
Baker (1928) and Goodrich and van der Schalie (1932). 
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Table 8.1 The Native Freshwater Mollusks of Lake 
Ontario* 

GASTROPODA 
PROSOBRANCHIA 

Viviparidae 
Campeloma decisum (Say, 1817). 

Valvatidae 
Valvata sincera Say, 1824. 
V. tricarinata (Say, 1817). 

Hydrobiidae 
Cincinnatia cincinnatiensis (Anthony, 1840). 
Probythinella lacustris (F.C. Baker, 1928). 
Marstonia decepta (Baker, 1928). 
Amnicola limosa (Say, 1817). 
A. walkeri Pilsbry, 1898.

Somatogyrus subglobosus (Say, 1825).


Pleuroceridae

Pleurocera acuta Rafinesque, 1831.

Goniobasis livescens (Menke, 1830).


PULMONATA

Lymnaeidae


Fossaria decampi (Streng, 1896).

F. exigua (Lea, 1841).

F. modicella Say, 1825.

F. parva (Lea, 1841).

Bakerilymnaea dalli (Baker, 1907).

Pseudosuccinea columella (Say, 1817).

Acella haldemani (Deshayes in Binney, 1867).

Bulimnea megasoma (Say, 1824).

Lymnaea stagnalis (Linnaeus, 1758).

Stagnicola catascopium (Say, 1817).

S. elodes (Say, 1821).

S. reflexa (Say, 1821).


Physidae

Physa gyrina Say, 1821.

P. Integra Haldeman, 1841. 
P. jennessi Dall, 1919.

Aplexa hypnorum (Linnaeus, 1758).


Planorbidae

Gyraulus circumstriatus (Tryon, 1866).

G. deflectus (Say, 1824). 
G. parvus (Say, 1817).

Armiger crista (Linnaeus, 1758).

Promenetus exacuus (Say, 1821).

Planorbula armigera (Say, 1821).

Helisoma anceps (Menke, 1830).


Superior, Lake Huron, Lake Erie, and Lake 

Lake Lake Lake Lake 

Superior Huron Erie Ontario 

X X X X


X X X X

X X X X


X X

X X X X

X X X X

X X X X

X X X X


X X


X X

X X


X X X X

X X X X

X X X X

X X X X


X X X

X X X

X X X


X X X X

X X X X

X X X X

X X X X

X X X X


X X X X

X X X X

X

X X X X


X X X X

X X X X

X X X X

X X X X

X X X X

X X X X

X X X X




Table 8.1 continued 

H. campanulatum (Say, 1821). 
H. pilsbryi (Baker, 1926). 
H. trivolvis (Say, 1817). 

Ancylidae

Laevapex fuscus (C.B. Adams, 1841).

Ferrissia fragilis (Tryon, 1863).

F. parallela (Haldeman, 1841). 
F. rivularis (Say, 1817). 

BIVALVIA 
Unionidae


Anodonta imbecillis Say, 1829.

A. grandis Say, 1829.

Anodontoides ferussacianus (Lea, 1834).

Strophitus undulatus (Say, 1817).

Alasmidonta marginata Say, 1818.

Alasmidonta viridis (Rafinesque, 1820).

Simpsonaias ambigua (Say, 1825).

Lasmigona cotnplanata (Barnes, 1823).

Lasmigona costata (Rafinesque, 1820).

Lasmigona compressa (Lea, 1829).

Quadrula quadrula (Rafinesque, 1820).

Quadrula pustulosa (Lea, 1831).

Amblema plicata (Say, 1817).

Fusconaia flava (Rafinesque, 1820).

Cyclonaias tuberculata (Rafinesque, 1820).

Pleurobema clava (Lamarck, 1819).

P. sintoxia (Rafinesque, 1820).

Elliptio complanata (Lightfoot, 1786).

E. dilatata (Rafinesque, 1820).

Uniomerus tetralasmus (Say, 1831).

Ptychobranchus fasciolaris (Rafinesque, 1820).

Obliquaria refiexa Rafinesque, 1820.

Actinonaias ligamentina carinata (Barnes, 1823).

Obovaria olivaria (Rafinesque, 1820).

O. subrotunda (Rafinesque, 1820). 
Truncilla truncata Rafinesque, 1820. 
T. donaciformis (Lea, 1827). 
Leptodea fragilis (Rafinesque, 1820). 
Potamilus alatus (Say, 1817). 
Toxolasma parvus (Barnes, 1823). 
Ligumia recta (Lamarck, 1819). 
L. nasuta (Say, 1817).

Villosa fabalis (Lea, 1831).

V. iris (Lea, 1829).

Lampsilis radiata (Gmelin, 1791).

L. ventricosa (Brnes, 1823). 

Lake Lake
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X

X

X


X

X

X

X


X

X

X

X
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X
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X
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X
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P A R T 2 Near-shore Distributional Patterns 

Table 8.1 continued 

L. fasciola Rafinesque, 1820. 
Epioblasma triquetra (Rafinesque, 1820). 
£. rangiana (Lea, 1839). 

Sphaeriidae 
Sphaerium fabale (Prime, 1852). 
S. nitidutn Clessin in Westerlund, 1876. 
S. rhomboideum (Say, 1822). 
S. simile (Say, 1817). 
S. striatinum (Lamarck, 1818). 
S. occidentale (Prime in Lewis, 1856). 
Musculium lacustre (Muller, 1774). 
M. partumeium (Say, 1822). 
M. securis (Prime, 1852). 
M. transversum (Say, 1829).

Pisidium dubium (Say, 1817).

P. idahoense Roper, 1890. 
P. adamsi Prime in Stimpson, 1851. 
P. casertanum (Poli, 1791). 
P. compression Prime, 1852. 
P. equilaterale Prime, 1852. 
P. fallax Sterki, 1896. 
P. ferrugineum Prime, 1852. 
P. lilljeborgi Clessin in Esmark & Hoyer, 1886. 
P. milium Held, 1836. 
P. nitidutn Jenyns, 1832. 
P. rotundatum Prime, 1852. 
P. variabile Prime, 1852. 
P. ventricosum Prime, 1851. 
P. walkeri Sterki, 1895. 
P. conventus Clessin, 1877. 
P. punctatum Sterki, 1895. 

Lake Lake Lake Lake 

Superior Huron Erie Ontario 

X X 
X X 

X 

X X 
X X X X 
X X X X 

X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 

X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 

The nomenclature for the Class Gastropoda and the non-unionid bivalves follows Clarke (1981) and the 
nomenclature for the Family Unionidae follows Stansbery and Borror (1983). 

occur in the Great Lakes proper, viz. Pomatiopsis lapi
daria (Say, 1817), an amphibious snail occurring on the 
banks of water bodies. Species which have recently 
been introduced by humans are also not included in the 
table, but for completeness they are listed below. (Ab
breviations are H for Lake Huron, E for Lake Erie, and 
O for Lake Ontario). They are: 
Viviparidae 

Viviparus georgianus (Lea, 1834) or V. viviparus (Lin
naeus, 1758?), E, O 

Cipangopaludina chinensis (Gray, 1834), E. 
Valvatidae 

Valvata depressa Kuster in Chemnitz, 1852, H, E, O 
V. piscinalis (Mueller, 1774), E, O. 

Bithiniidae 

Bithinia tentaculata (Linnaeus, 1767), E, O. 
Corbiculidae 

Corbicula flutninea (Mueller, 1774), E. 
Sphaeriidae 

Sphaerium corneum (Linnaeus, 1758), E 
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Pisidium amnicum (Mueller, 1774), H, E, O 
P. henslowanutn (Sheppard, 1825), E, O


and P. supinum Schmidt, 1850, O.

It should be noted that some of the native bivalves of 

Lake Erie have not been seen there for several decades 
and may well have been extirpated from that part of 
their range (e.g., Villosafabalis, Epioblasma rangiana, and 
E. triquetra). 

An examination of table 1, in the light of postglacial 
events, reveals some interesting correlations. On the ba
sis of their distributions within the Great Lakes the na
tive freshwater mollusks fall into two groups: one group 
comprising families in which nearly all of the species oc
cur in all of the lakes and a second group in which the 
species are concentrated in Lake Erie and occur in di
minished numbers in the neighboring Great Lakes. 

Group 1 contains the Sphaeriidae and all of the fami
lies of prosobranchs and pulmonates except for the 
Pleuroceridae. This group has 65 species, only 9 of 
which have not been found in all four of the lakes here 
considered (see table). Of these, Physajennessi, which 
occurs throughout much of subarctic Canada and 
reaches its southern limit at Lake Superior, may have 
been excluded from the other Great Lakes by the rela
tively warm temperatures there. The other 8 species are 
all more southern in distribution and may be unable to 
tolerate the cold of the upper Great Lakes. Some (e.g., 
Acella haldemani and Somatogyrus subglobosus) are rare 
everywhere, however, and their apparent absence from 
some lakes may be due to low population densities and 
lack of adequate sampling. 

Group 2 contains the Unionidae and the Pleuroceri
dae, a total of 41 species. Both of the pleurocerids have 
spread eastward from Lake Erie but not northwestward. 
Of the 39 unionids recorded for Lake Erie, 17 also occur 
in Lake Ontario, 16 in Lake Huron, and 6 in Lake Supe
rior. Only one Great Lakes unionid, Elliptio complanata, 
is absent from Lake Erie, an eastern and northern spe
cies which may have reached the upper Great Lakes by 
way of rivers in the James Bay Drainage area. There are 
several Ohio records (Sterki 1907; Ortmann 1919), how
ever, a comprehensive elucidation of its distribution re
mains to be developed. 

Explanations for the divergent distribution patterns of 
Groups 1 and 2 appear to be related to their origins and 
to aspects of their biologies. Group 1 is comprised 
chiefly of species with broad boreal geographical distri
butions encompassing many drainage systems. Most 
are tolerant of water with low calcium carbonate con-

Lake Erie Mollusks 

centrations and are also capable of self-fertilization. 
Many workers (e.g., Boycott 1936; Hubendick 1962; and 
Clarke 1973) have concluded that such species are often 
carried from one drainage system to another by tempo
rary attachment to aquatic birds and insects. Group 2 is 
comprised almost entirely of species with temperate af
finities and whose main distributions are in the Missis
sippi drainage system. They are also principally large 
species which are intolerant of low calcium carbonate 
concentrations and ones in which self-fertilization ordi
narily cannot occur. This group almost certainly reached 
Lake Erie through the lime-rich glacial Lake Maumee 
and the Erie River during deglaciation. Its failure to col
onize the upper Great Lakes is probably related both to 
the lower temperatures and lower calcium carbonate 
content of those lakes (Briggs and Ficke 1977). 

In Situ Evolution among Great Lakes Mollusks 
The systematic status of many of the "forms," "vari
eties," and "subspecies" of freshwater mollusks in bo
real North America has recently been studied (Clarke 
1973). Among the Great Lakes, it is perhaps surprising 
that Lake Superior appears to be the most active center 
for molluscan evolution. Five well-marked subspecies 
occur there, viz., Valvata sincera ontariensis (Baker), Stag
nicola catascopiutn nasoni (Baker), Lymnaea stagnalis sanc
taemariae Walker, Helisoma anceps royalense (Walker), and 
Helisoma campanulatum collinsi (Baker). These forms all 
occur in Lake Superior and beyond it and in many 
smaller lakes and in ponds. At the edges of their ranges 
they apparently integrade with their nominate subspe
cies. Some of these taxa even occur in small eutrophic 
lakes on islands within large oligotrophic lakes, where 
they also occur, thus demonstrating that ecophenotypic 
effects are not the proximate causes of their unique mor
phologies (Clarke 1973). 

The reasons for this radiation are unclear but they are 
believed to be the same as those invoked for part of the 
remarkable adaptive radiation which has occurred 
among the mollusks of Lake Baikal in the U.S.S.R. Most 
of Lake Superior is cold, oligotrophic, wave-beaten, ice-
scoured, and provides a generally inhospitable habitat 
for mollusks. Recent work by Thomas (1966), however, 
has shown that some of its isolated bays support thriv
ing communities of macrophytes and invertebrates be
low the barren shallow zone. Further, it has been 
shown elsewhere (Baker 1928) that pulmonate mollusks 
living in large lakes sometimes develop deep-water pop
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ulations in which the pulmonary sac becomes filled with 
water and functions as a ctenobranch or gill. Such deep
water populations would be isolated from nearby shal
low-water, air-breathing populations and from those of 
other bays, thus enjoying the isolation necessary for 
mutations to be preserved and to become fixed in the 
populations. 

In some instances, particularly among the Unionidae, 
large lakes appear to impose selective pressures that 
bring about changes in gene frequencies within mollusk 
populations. For example, in Anodonta grandis popula
tions studied in Canada (Clarke 1973) specimens from 
large lakes exhibited greater development of the ante
rior portion of the shells than those from small lakes and 
from rivers. This was attributed to the advantage of 
larger foot volume in large lakes which would provide 
greater stability against the turbulence of wave action. 
Some specimens in river populations may meet this 
challenge by the rheotaxis of orienting themselves paral
lel with the current. In large slow-current lakes, how
ever, this is scarcely possible. In one large lake (Lake 
Traverse, Minnesota) in which this phenomenon was 
observed by the senior author, the A. grandis population 
in the outlet, which was muddy and slow-moving, ex
hibited the same morphology as the lake-dwelling 
source population, even though an adaptation to with
stand turbulence appeared to have no value there. 

Small size is a characteristic feature of the Unionidae 
of many large lakes (e.g., Lake Winnipeg in Manitoba, 
Lake Waccamaw in North Carolina, and Lake Superior) 
and may well be related to the availability of food. 
Brown, Clark, and Gleisner (1938) suggested that the 
small size of Lake Erie unionids may be due to the con
tinuous effort expended in remaining in place or to the 
nature or availability of food supply. 

Characteristics other than size include obesity (greater 
in lake populations of Lampsilis radiata) and periostracal 
color (greener in populations from organic-rich mud 
bottoms and paler, usually yellower, in sand bottoms). 
Both types of variation are found (Clarke 1973) in Ano
donta grandis. Ortmann (1919) has also cited a case in
volving Lasmigona compressa (Lea), a species normally 
found in small streams and almost always hermaphrodi
tic. The only dioecious population which he had ever 
encountered occurred in Lake Erie, in which the capa
bility for self-fertilization would not have the obvious 
selective advantage that exists in uppermost headwater 
streams. 

Near-shore Distributional Patterns 

Evaluation of the Taxonomic Status of 
Lake Erie Mollusks 
The critical role of geographical isolation in fostering ev
olutionary change is well known (e.g., see Mayr 1969), 
but its function in regard to the Great Lakes molluscan 
fauna has not been previously emphasized. Although 
Lake Erie has evolved gradually over several thousands 
of years from a river into a lake, and its species might be 
expected to have evolved with it, Lake Erie may not 
have provided sufficient isolation of its molluscan popu
lations necessary for evolution to occur. Although 
nearly all populations of Lake Erie unionids appear to 
be greatly reduced at present and some species are al
most certainly extirpated, a few decades ago Lake Erie 
supported large molluscan populations which were vir
tually continuous throughout its shallow reaches. It is 
ecologically diverse (Brown et al. 1938) and riverine in 
the island region insofar as strong undirected currents 
are a constant feature in this area. Several of its tributar
ies also support populations of originally Ohio River 
system species in riverine habitats which may have 
been originally colonized by species from the postglacial 
Erie River and which may continue to share gene-flow 
with the lacustrine environments of Lake Erie. 

Nevertheless, new mutations might still have arisen 
which have been perpetuated by physical isolation and 
biological selection in Lake Erie. But unfortunately, nat
ural experimental areas which might be useful in assess
ing these phenomena, such as ponds or lakes on islands 
or larger tributaries whose faunas were clearly derived 
from the lake stage of Lake Erie itself appear to be 
nearly absent. 

At least one natural experimental site does exist, how
ever, viz., the Erie Barge Canal in New York. That 
canal, which connects Lake Erie to the Hudson River, 
was opened in 1825 and although it does not provide a 
riverine environment, its environment is distinctly dif
ferent from that of Lake Erie. That canal has large popu
lations of Amblema plicata, Fusconaia flava, Elliptio dilatata, 
Lasmigona costata, and Leptodea fragilis, all almost cer
tainly derived from Lake Erie populations and all quite 
normal (i.e., not stunted or otherwise unusual) in their 
morphologies. This indicates that these species, at least, 
have not achieved subspecific distinction in Lake Erie. 

Further study of those populations and those of the 
Genessee River are desirable (see Baker 1898 and Clarke 
and Berg 1959). Other natural experimental habitats 
may also become available for systematic evaluations, 



91 C H A P T E  R Lake Erie Mollusks 

particularly streams tributary to Lake Erie which have 
had their faunas extirpated by pollution but which have 
been made newly habitable through compliance with 
clean water legislation. Such environments may be inval
uable for assessing whether characters seen in Lake Erie 
freshwater mollusks are genetic or ecophenotypic. 
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9 The Theory of Island Biogeography Applied to the 
Vascular Flora of the Erie Islands 

BRIAN KLINKENBERG


We do not seriously believe that the particular formula
tions advanced in the chapters to follow will fit for very 
long the exacting results of future empirical investiga
tions. We hope instead that they will contribute to the 
stimulation of new forms of theoretical and empirical 
studies. 

MacArthur and Wilson 1967 
Thus MacArthur and Wilson prefaced the text that was 
to become what some have called "the most influential 
book written on island ecology" (Gorman 1979). Since 
the publication of The Theory of Island Biogeography 
(MacArthur and Wilson 1967) scores of papers have 
been written on various aspects and tests of the theory 
(for reviews of many of these see Connor and McCoy 
1979; Gilbert 1980; and Simberloff 1982). MacArthur and 
Wilson's text "triggered a tremendous and continuing 
surge of interest in biogeography;... it has revolution
ized the subject" (Pielou 1979). 

The MacArthur and Wilson school of island biogeog
raphy is presently in a state of flux. For many years little 
criticism was made of the formulations embodied in the 
theory. Since 1976, however, controversy over the the
ory has been increasing (Simberloff, 1976,1978; Stod
dart 1977, 1981; Connor and Simberloff 1978; Connor 
and McCoy 1979; Gilbert 1980; Lewin 1983; Tallamy 
1983). Nevertheless, the theory has proven to be a very 
useful paradigm, and has been a major factor in the 
transformation of biogeography from a descriptive sci
ence to a quantitative science (MacArthur and Wilson 
1967; Gorman 1979; Pielou 1979). The research gener
ated as a result of MacArthur and Wilson's theory has 
greatly increased our knowledge of the ecology and dis
tribution of insular species (Brown and Gibson 1983), 
and, in that light, the hope that MacArthur and Wilson 
expressed in the preface to their text has certainly been 
fulfilled. 

Aspects of the theory of island biogeography were ap
plied to the vascular floras of twenty-one of the islands 
occurring in the western basin of Lake Erie (fig. 1). 
These islands were chosen in part because of the wealth 
of information available on the vascular plants of the 
area. Using various subsets of the vascular plant data 
(all species, native species only, and alien species only) 
and of the island areas (all of the island's area, the area 
shown as wooded, and the open areas), species-area re
lationships were tested by means of bivariate and multi
ple regression analyses. The statistics of the species-area 
models are discussed in some detail, and the biological 
implications of the mathematics of the multiple regres
sion models are also considered. 

The Theory of Island Biogeography 
The theory of island biogeography combines previously 
known ecological theories and observations into a uni
fied concept that allows for a much greater explanatory 
potential. The core of the theory, however, can be 
found in species-area relationships. There are two domi
nant models used to model these relationships: the 
power model first postulated by Arrhenius (1921, 1923a, 
b)—the number of species is a function of the area to 
some power; and the species-log area model promoted 
by Gleason (1922,1925)—the number of species is a 
function of the logarithm of the area. 

Since the 1920s many biologists have attempted to 
produce species-abundance models which would pro
vide theoretical bases for the different species-area 
models. Fisher, Corbet, and Williams (1943) derive a 
logarithmic species-distribution model which produces 
a species-log area relationship. Preston (1962) finds that 
a log-normal distribution best fits the species-abun
dance curves that he is working with, and that the indi
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Fig. 9.1. Local setting of the study area. 

vidual-abundance curves also follow a log-normal 
distribution. Linking these two concepts together Pres
ton develops his canonical hypothesis, which provides 
the theoretical basis for the power-function form of the 
species-area curve. Contained within this hypothesis is 
the prediction that the exponent of the species-area 
curve (which is normally referred to as z) should have a 
value of 0.263, a value which subsequently has had 
much biological meaning attached to it (MacArthur and 
Wilson 1967; Sugihara 1980,1981; Martin 1981; but see 
May 1975; Connor and McCoy 1979; Ugland and Gray 
1982). May provides a thorough review of these two 
models and of many of the other species-abundance 
models which have been proposed over the years. 

Values of the exponent of the power model (z) above 
the expected value of 0.26, which is assumed to have a 
range of 0.20 to 0.35 due to errors in sampling and other 
similar considerations (MacArthur and Wilson 1967), 
are said to be the result of topographic diversity, or is-

I North 

lands within islands; lower values of z are expected 
from very homogeneous islands, or from samples of 
continental areas (Pianka 1978). 

The second major component of the island theory is 
that of equilibrium. Preston (1962) and MacArthur and 
Wilson (1963) independently suggest that the biota of an 
island could be seen as being in a state of equilibrium 
when immigration and extinction rates reach a balance 
intrinsic to the particular island. Factors which influence 
the equilibrium number include the size of the mainland 
source pool, the size of the island area, the distance of 
the island from the mainland and all other islands (step
ping-stone islands), and the habitat diversity on the is
land (MacArthur and Wilson 1967; MacArthur 1972; 
Brown and Kodric-Brown 1977; Riebesell 1982). Al
though the equilibrium number of species for a given is
land is relatively stable, changes in species composition 
(i.e., turnover) are predicted (Diamond 1969; Holland 
1978). 
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The Floristic Data 

For the purpose of this study a vascular plant species list 
was compiled for the Erie Islands. Some of the more 
comprehensive botanical studies used in the prepara
tion of the species list include Moseley's (1899) Sandusky 
Flora, Dodge's (1914) Annotated List of the Flowering Plants 
and Ferns of Point Pelee, Ont., and Neighboring Districts, 
Core's (1948) The Flora of the Erie Islands, and more re
cently Botham's (1982) Plants of Essex County and 
Stuckey and Duncan's (in prep.) Flora of the Erie Islands: 
Its Origin, History and Change. In addition, several bota
nists have actively collected in the Erie Islands in the 
past few years, and have produced updated species 
lists. (The vascular plant checklist is presented in Ap
pendix A of Klinkenberg 1983.) Although extensive bo
tanical collections have been made on the Erie Islands, it 
is not assumed that the species list is complete. As Wil
liamson (1981) states: "There is no doubt that more in
tensive study would almost certainly add to the species 
list of any island." However, given that the species list 
represented the most up-to-date record of the flora of 
the Erie Islands, it was assumed that the totals used 
were accurate and that any changes would not substan
tially affect the results. 

It is recognized that local extinctions may have oc
curred. As Duncan and Stuckey (1970) note: "Floras are 
continually in a state of flux and any contemporary flor
istic analysis should take into account those changes 
that have occurred through time. . . .  " The flux that 
Duncan and Stuckey mention is, of course, an integral 
part of the equilibrium theory of island biogeography. 
For the larger, more stable islands it is assumed that the 
total number of species recorded in the species checklist 
is representative of the equilibrium number of species 
for the island. For the smaller islands, which can be 
greatly affected by high-water storm events (Langlois 
1954,1965a, b; Sly 1976), using the total number of spe
cies recorded would greatly inflate the equilibrium num
ber. Information on the changing vascular flora of seven 
of the smaller Erie Islands is presented in Duncan and 
Stuckey, and from this study an average number of spe
cies was determined for the seven islands they studied 
(following Lombardi 1972 and Heatwole and Levins 
1973). 

For each species recorded in the Erie Islands species 
list, presence/absence was recorded for each island. In 
addition, species status—native or alien as indicated in 
Fernald (1950)—was recorded. Thus, totals from three 
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species lists are available: one which contains all spe
cies, and one each for the native and alien species sub
sets. Few studies explicitly state whether or not 
introduced species were included in the species totals 
used in the analyses (e.g., Diamond 1969; Lombardi 
1972; Heatwole and Levins 1973; McNeill and Cody 
1978; a few studies have explicitly excluded introduced 
species: McCord 1980; Williams 1981; Wright 1981). 
However, it is well known that native and introduced 
species exhibit very different growth strategies (Pianka 
1978; Jarvis 1979; Smith 1980; Watts 1984), and thus 
might be expected to exhibit different species-area 
relationships. 

The Geographic Variables 
The simplest version of the theory of island biogeogra
phy assumes that the equilibrium number of species on 
an island is governed by three parameters: the species 
pool, the area of the island, and the distance of the is
land from the species pool. The question of defining a 
source pool for the islands will not be considered in this 
essay. The area of each island, and the distance to the 
American mainland (a source-pool distance) and to their 
closest neighbor (stepping-stone distance), was deter
mined from the largest scale map available for the area. 
[The distance from the Canadian mainland, the other 
source-pool distance, was also determined, but analysis 
indicated that the distances to the two mainlands were 
very highly inversely correlated, and therefore only the 
one distance was used in the analyses reported here.] In 
addition, variables which were felt to represent factors 
that would also influence the vegetation of the islands 
were selected. These additional variables included the 
perimeter of the island, an island shape measure, and 
the number of soil types mapped on the island—three 
measures of environmental diversity; plus, the distance 
to Gibraltar Island (see below) and the number of struc
tures on each island. 

The rationale for including a shape measure follows 
the work of Johnson et al. (1981) who found that the 
shape of a forest island strongly influenced its microcli
mate and thus was an important determinant of com
munity richness. For the Erie Islands, the more "out of 
circle" an island, the greater the percent area lying adja
cent to the lake, and the more uniform would be its cli
mate (vide Verber 1955). The shape measure used is a 
function of the ratio of the area of the figure to the area 
of a circle with a radius one-half the longest axis of the 
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figure, and varies from 1.0 to 0.0 as the shape pro
gresses from a circle to an infinitely extended strip (Mas
sam and Goodchild 1971). Perimeter was included for 
similar reasons, but also because perimeter relates much 
more directly to specific habitats and taxa. 

The Ohio State University maintains a biological field 
station on Gibraltar Island, and the probability of an
other island receiving visitors from the field station was 
felt to be an inverse function of the distance of that is
land from Gibraltar Island. The inclusion of this variable 
allows for the testing of the sampling hypothesis of 
Connor and McCoy (1979). Connor and Simberloff 
(1978) found sampling intensity to be an important pre
dictor of the number of species found on the Galapagos 
Islands, an indication that this factor may not be as triv
ial as it sounds. 

The number of soil types was included as a variable in 
an attempt to provide an indication of environmental 
heterogeneity, following work reported in Williamson 
(1981). As there was no soil survey that covered all of 
the islands, and each soil survey on the islands had fol
lowed different soil nomenclature, it was felt that this 
measure would involve the least subjective decisions. 
Investigation of human-induced changes to the vegeta
tion have rarely been explicitly considered in species-
area relationships. The number of structures on an is
land was included as a variable in an attempt to have 
some indication of the state of disturbance of the island, 
following work by Slack, Nicholson, and Breish (1975) 
and Hoehne (1981). 

Two other area measures (other than total island area) 
were used in the analyses when their inclusion was con
sidered appropriate. The area of each island in a 
wooded or brushwood state was determined for each is
land from standard topographic maps. From this it was 
possible to determine the area of each island identified 
as open, or nonwooded. These two areas were included 
because it was felt that the amount of wooded/non
wooded area on each island would have some bearing 
on the total number of native/alien species found on 
each island (Forman 1974; Levenson 1981). For example, 
some species such as spring ephemerals are restricted to 
woodland interiors, while, conversely, many aliens are 
restricted to open areas. [For greater explanation of the 
geographic variables and the reasons for their inclusion 
refer to Klinkenberg 1983. The species totals and the 
geographic variables are presented in the Appendix.] 

Numerical Techniques 
There are a number of numerical techniques common to 
the school of island biogeography. The basic techniques 
center on correlation and regression analyses involving 
species numbers, area, and other selected variables. 
Prior to presenting the results of the bivariate and multi
variate regression analyses, a discussion of the statistics 
of the various models used in testing species-area rela
tionships will be presented. 

Two species-area models are widely used: the species-
log area model and the power-function model (Martin 
1981). Both models have their supporters who attribute 
to their model intrinsic biological significance (McNeill 
and Cody 1978; Connor and McCoy 1979). The species-
log area, or semilog, model is 

S = c*h\(A) + D. (1) 

The power model is 

(2) 

but, however, has most often been used in its log-trans
formed state: 

lnS = ln(c) + z*ln(A) 

where S = total number of species, 
A = area, and 
c, D and z are constants. 

[Hereafter, references to the power model refer to the 
untransformed version (2), while references to the log-
log model refer to the transformed version (3) of the 
power model.] 

While equations (2) and (3) may be mathematically 
equivalent, statistically they are not (Zar 1968; Glass 
1969; Wright 1981). In least-squares regression the quan
tity being minimized for the power model (and the semi
log model) is 2 (S, - Sj)2, but it is 2 (In (S,) - In (SI-))2 for 
the log-log model (where S, is the actual species total on 
island i, and S! is the predicted species total for island i). 
It is obvious that the quantities being minimized are dif
ferent for each model, and that different c and z values 
will result (Zar 1968; Glass 1969). Given that biological 
significance has often been attached to the z value, it is 
surprising that Wright (1981) was able to find only one 
species-area study that used the power-function form of 
the model directly (Sepkoski and Rex 1974). In fact, 
while Connor and McCoy (1979) make reference to the 
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fact that the log-log model "yields only approximate es
timates of the parameters," they nonetheless use the 
log-log model in their analyses. 

Use of the log-log model also introduces complica
tions with respect to the selection of the best model. For 
example, Stenseth (1979) feels that it is incorrect to com
pare a correlation coefficient based on log-transformed 
data with a coefficient based on untransformed data (as 
Connor and McCoy 1979 did). Consequently, the fol
lowing method was used to compare the fit of the log-
log model with the semilog model and the power 
model. First, the predicted log-species values were con
verted to actual species totals. Second, the formula be
low was used to calculate a comparable goodness-of-fit 
statistic: 

V (c _ c\ 2

G = 1 - -^—• = r̂


where S and S' are as before, and S is the mean spe
cies total. 

The model that produced the highest G value was se
lected as the best model, following Stenseth (1979) and 
Wright (1981). 

In simple bivariate regression analyses the number of 
species is assumed to depend solely upon area. In mul
tiple regression analyses area represents just one of the 
many independent variables on which species numbers 
are thought to be dependent. The two regression meth
ods should be considered complementary, for the re
sults of each method highlight different aspects of the 
data. Only direct multiple regression, wherein all varia
bles are entered together, was used in this study. It is 
recognized that the parameters of the log-log model are 
approximations of the parameters derived from the 
power model, but for comparative purposes they are 
presented. 

Two multiple regression models are commonly used 
in island biogeography: one is based on the semilog 
model, and the other is based on the log-log model. The 
two models represent two very different interpretations 
of the causal relationships between the dependent and 
independent variables, a concept that has rarely been 
formally discussed in the literature. The form of the 
semilog model is 

S; = c + b, * \n(A) + b2Vu + . . . + bnVmJ (4) 

where S' is the predicted species total on island i, 
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bn is a standardized regression coefficient n, and 
Vmi is the value of variable m for island /. 

In a model such as this, the VmJ variables are additive 
influences. That is, for a given increase in variable Vm, a 
given number of species (bn Vm) will be added (or sub
tracted) to the species total. The increase in species asso
ciated with variable Vmi is independent of all other 
variables in the equation—particularly of area. The form 
of the log-log model is 

In = c + b, * \n(A) + b2Vu + ... + bnVm_, (5) 

where the variables are defined as in (4). 
When this model is transformed back to the actual 

species values, the model becomes: 

; = exp{c + b2Vu Ab\ (6) 

where the variables are defined as in (4). 
Equation (6) is very dissimilar to equation (4), and re

flects a different concept of the relationships between 
species, area, and the V variables. In a model such as 
this, for a given increase in variable Vmi an increase pro
portional to the area of the island will be added to the 
predicted species total. 

If the influences of the Vmi variables are assumed not 
to be dependent upon area, then the correct form of the 
power model is 

= c b,* Ab2 (7) 

where the variables are defined as in (4). 
Logarithmic transformation of (7) is not mathemati

cally possible, and nonlinear regression methods must 
be used (Zar 1968). Therefore, the choice of which 
model to use is not a simple matter of deciding which 
species-area model is the more appropriate, for each 
model can be interpreted differently in terms of its bio
logical implications. The question of biological null hy
potheses, as distinct from statistical null hypotheses, is 
one that is rarely discussed in the literature (Simberloff 
1978; Connor and McCoy 1979; Simberloff and Connor 
1979,1981). 

Many authors have criticized the simplistic version of 
the Mac Arthur and Wilson (1967) model (e.g., Pielou 
1979; Williamson 1981; Brown and Gibson 1983), for in
teraction between factors is a "common and fundamen
tal scientific idea" (Sokal and Rohlf 1969). The distance 
dependent rescue effect of Brown and Kodric-Brown 



100 P A R T 3 

(1977), which influences extinction rates on islands close 
to the source pool, and the highly significant area ad
justed immigration index of Riebesell (1982) are two ex
amples of interactive effects that have been noted in 
island biogeographic studies. 

It should be possible to provide equally valid argu
ments supporting both additive and multiplicative rela
tionships for the models. A model which combines both 
additive and multiplicative elements might be the cor
rect model to use if it is found that some effects are addi
tive while others are multiplicative. Sepkoski and Rex 
(1974) use a model which combines additive and multi
plicative effects in an attempt to predict the distribution 
of freshwater mussels in coastal rivers. It would be very 
simple to adjust models (4) and (7) to incorporate both 
influences, but adjustment of models (5) or (6) would 
not be as simple. 

Results 

The results of the bivariate regression analyses are pre
sented in table 1, and the results of the multiple regres
sion analyses are presented in table 2. No indication is 
given in table 1 as to whether the c or z values differed 
significantly. This is due to the nature of the parameters 
produced by the nonlinear power model. As Draper 
and Smith (1968) note: "The usual tests which are ap
propriate in the linear model case are, in general, not ap
propriate when the model is nonlinear." However, to 
provide some indication as to the relative differences of 
the results, the 95% confidence limits are presented in 
table 1, although the confidence limits for the nonlinear 
parameters should be considered as approximate limits. 

Discussion 

Bivariate Regression 

The results indicated that the power model was the best 
model, for in four of the five cases the power model pro
duced the highest G value (table 1). The G values pro
duced using the ln(species) values of the log-log model 
were smaller than the G values produced using the ac
tual species values in four of the five triplets. If these re
sults are representative of the differences that result 
when using the power model in its correct form, then 
the results of almost all previous attempts to determine 
which model provides the best fit must be considered 
suspect (e.g., Connor and McCoy 1979). Wright (1981) 

Insular Patterns: Plants and Invertebrates 

reaches the same conclusion based on his analyses. 
The power model provided a better fit for the distri

bution of the native species than it did for the distribu
tion of the alien species. (The results of the total species 
test were intermediate between those of the native and 
alien species' results. Thus, analyses that incorporate 
both native and alien species may produce results that 
are not as clear as results produced when using only na
tive or alien species totals.) The only instance where the 
semilog model provided a better fit was the alien spe
cies-open area model. On the basis of his investigations 
Stenseth (1979) concludes that the semilog model pro
vides a better fit for disturbed communities, and the 
power model provides a better fit for nondisturbed 
(equilibrium) communities. McNeill and Cody (1978) 
come to the conclusion that the semilog model is more 
applicable to single associations, while the power model 
is more applicable to areas with a diversity of habitats 
and environments. Both interpretations appear applica
ble to the results presented here. 

The z values associated with the semilog model have 
never been considered as biologically significant, and 
therefore will not be reviewed. Considerable effort has 
been made to interpret the z values produced by the 
power or log-log models (Preston 1962; MacArthur and 
Wilson 1967; Connor and McCoy 1978; Gorman 1979; 
Martin 1981; Wright 1981). Most theoretical investiga
tions of the species-area curve and its parameters have 
worked directly with the power model, whereas almost 
all empirical tests have used the log-log transformation of 
the model. (Conceptually, the results should be identi
cal. However, given that the data used in the empirical 
tests would contain error while the data used in the the
oretical investigations would be error free, the results 
would be different.) As is evident from the results, the z 
values produced by the log-log model were consistently 
larger (avg. 30% larger) than those produced by the 
power model (table 1). Furthermore, as the greatest dif
ference between the z values was 50%, any attempt to 
attribute biological significance to the log-log model's z 
values could lead to incorrect conclusions, or rejection 
of the model altogether. The z values presented in table 
1 for triplets 1, 2, and 4 appeared to indicate that the 
numbers of species on the Erie Islands fit the predic
tions of MacArthur and Wilson (1967), and with respect 
to the entire areas of the islands, the species appear to 
be in equilibrium conditions. 

There were some interesting differences between the 
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Table 9.1 Results of the Species-Area Tests 

Triplet Modelt G c 95% 
C.I. 

2 95% 
C.I. 

1 S-ln{A) 
ln(S)-ln(A) 

S-A 

0.844 
0.920 

(0.827):): 
0.945 

50.6 
53.0 

80.8 

52.5 

§ 

21.4 

68.2 
0.360 

0.279 

14.1 
0.079 

0.039 

2 N-ln(A) 
ln(N)-ln(^) 

N-A 

0.836 
0.937 

(0.791) 
0.953 

37.6 
39.1 

56.2 

38.6 

13.8 

48.6 
0.360 

0.284 

10.3 
0.089 

0.036 

3 Nat.-ln(W) 
ln(N)-ln(W) 

Nat.-Wooded 

0.761 
0.916 

(0.901) 
0.920 

35.4 
47.9 

56.7 

57.3 

19.9 

57.6 
0.372 

0.344 

17.1 
0.060 

0.063 

4 Alien-ln(yi) 
ln(Al)-ln{A) 

Alien-y4 

0.812 
0.820 

(0.859) 
0.869 

13.1 
14.1 

24.4 

16.9 

10.0 

19.6 
0.367 

0.268 

4.5 
0.071 

0.060 

5 Alien-ln(O) 
ln(A)-ln(O) 

Alien-Open 

0.848 
0.779 

(0.687) 
0.833 

27.3 
20.7 

38.1 

23.8 

20.4 

20.7 
0.328 

0.218 

5.80 
0.147 

0.082 

t S—Combined species totals N—Native species totals 
Al or Alien—Alien species totals A—Area 
W or Wooded—Areas shown as wooded or brushwood only 
O or Open—Areas shown as open only 

X G values based on the ln(S) values 
§ The c values of the log-log model were log-transformed 

to be compatible with the other models' c values. 
Therefore, the 95% confidence limits are not available. 

results of the power model when applied to the native biotas (Williamson 1981), which in this case would ap
species totals and the entire island areas, and when ap- ply to the forested remnants of the Erie Islands. Con-
plied to the native species totals and the wooded areas trast this result with the differences observed between 
only (triplets 2 and 3). The c values remained relatively the results of the two alien species power models (tri
constant around 56 species, which represented approxi- plets 4 and 5). 
mately 8% of the total native species count for the is- When using the open areas as the predictor of species 
lands. However, the z value of the native species- totals rather than the total island areas the z value de-
wooded area model increased by 21% over the value creased by 19%, but the c value increased by over 50%. 
produced using the entire island areas. This indicated This indicated that a larger percentage of the alien flora 
that an increase in wooded area produced a greater was found in a disturbed area regardless of the area's 
number of expected species than did an equivalent in- size, yet at the same time an increase in the size of the 
crease in island area per se. A steeper species-area curve disturbed area produced only a slight increase in the ex-
may result when islands derive their biota from larger pected number of alien species. The much lower z value 
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of the power model in triplet 5 could be interpreted as 
an indication that the alien flora was not in an equilib
rium condition on the islands, and that, based on the al
ien floras of the islands, the islands appeared as 
samples of continental areas. This nonequilibrium con
dition could be a reflection of the dispersal abilities of 
the aliens; the relatively short distances to the islands 
would not present much of a barrier to the alien species. 

It would be improper to compare the results of this 
study with those derived from studies of oceanic is
lands, as conditions on continental islands are generally 
considered to be different (Pielou 1979; Gorman 1979). 
However, these results can be contrasted with the re
sults of McNeill and Cody (1978). McNeill and Cody 
analyzed the species-area relationships for the vascular 
plants of some St. Lawrence River islands, and for some 
islands in the eastern end of Lake Ontario. The species 
totals included aliens, so their results will be compared 
to the results of triplet 1. For the St. Lawrence River is
lands the power model's z value was 0.18, the c value 
was 156.8, and the G value was 0.88. For the Lake On
tario Islands the corresponding values were 0.25 for z, 
76.5 for c, and 0.86 for G. The Lake Ontario values were 
very close to those obtained for the Erie islands, which 
indicated that the islands were very similar in terms of 
their species-area relationships. Equal areas of both sets 
of islands would be expected to exhibit similar floristic 
diversity. The St. Lawrence River island values were 
very different, and reflected the lack of true isolation of 
these islands. Floristically, these islands should be con
sidered simply as "samples" of the mainland (Mac-
Arthur and Wilson 1967; Pianka 1978). 

Multiple Regression 

In the multiple regression analyses the G values were 
very high for all of the models, and within each triplet 
there was very little difference in the G values (table 2). 
Thus it was impossible to declare any of the models as 
'best', although determining a 'best' model was not the 
purpose of the multiple regression analyses. The semi
log models' G values and the G values of the alien spe
cies models showed the greatest improvement over 
their bivariate G values. The results illustrated that the 
addition of the seven variables added very little to the 
predictive ability of the power model when applied to 
the native species totals, yet helped explain a much 
greater proportion of the variance in the alien species to
tals. This may be an indication that the alien flora had 

not yet reached an equilibrium with respect to the area 
of the islands. 

One notable aspect of the results of the multiple 
regression analyses was the variance exhibited by the 
standardized regression coefficients (b) among the 
models within each triplet, and in particular within the 
5th triplet. This illustrated the sensitivity to small 
changes in the data that multiple regression models ex
hibit (Simberloff 1974; Connor and Simberloff 1978; 
Freund and Minton 1979). Discussion of specific results 
(i.e., individual variables of specific models) appears in
appropriate; however, some general comments about 
the results can be made. Area had the largest b values in 
the majority of the models, and along with perimeter, 
was the only variable to have significant b values. It is 
interesting to note that perimeter was a significant vari
able in three of the semilog models. This result indi
cated that the perimeter length of an island was 
positively correlated with the number of species, after 
the effect of area had been removed from the species to
tals. A greater perimeter length would provide more 
habitat for aquatic and shoreline species. 

The distance to Gibraltar Island also received large 
negative b values, relative to the other b values, in many 
of the models. Thus, collecting effort appeared to have 
had some influence on the number of species found on 
an island, for the further the island was away from Gi
braltar Island, the fewer the species predicted per unit 
area. The other two distance measures never provided 
much explanation in any of the models, an indication 
that distance to source pools does not appear to affect 
the species totals of the islands. There are two rationales 
that can be used to explain these results. The first relates 
to the problem of measuring distance. The distance 
used in the analyses was simply the straight line dis
tance to the nearest mainland point; what should have 
been used in the analyses was the dispersal distance. A 
number of source-pool distances could be envisioned 
for the different dispersal mechanisms (e.g., animal-dis
persed versus wind-dispersed), which would render an 
average source-pool distance meaningless (cf Riebesell 
1982). 

The Erie islands are land-bridge islands, which is the 
second reason why the distance measures were not of 
use in predicting species totals. The natural vegetation 
presently occurring on the islands is the remaining rep
resentation of a natural community that occurred 
throughout most of the western basin of Lake Erie until 



Table 9.2 Results of the Multiple Regressionst 

Triplet Modelf c 
(G Value) 

AREA DGIB DNEAR DUS SHAPE STRUC SOIL PER9 

S-\n(A)

(0.983) 

ln(S)-ln(A)

(0.982) 

S-A

 129.71

 132.95

 174.4

 0.48' 

 1.17 

 0.92 

-0.19

-0.11

-0.18

 -0.01

 -0.03

 -0.03

 0.06

 -0.13

 0.06

 -0.03

 -0.07

 -0.07

 0.16

 -0.07

 0.19

 -0.13

 -0.13

 -0.17

 0.50' 

 -0.11 

 -0.14 

(0.989) 

N-ln(y4)

(0.981) 

ln(N-ln(A)

(0.971) 

N-A

 102.79

 114.43

 126.0

 0.46" 

 1.09" 

 1.23 

-0.14

-0.05

-0.14

 -0.02

 -0.05

 -0.04

 0.03

 -0.17

 0.00

 -0.04

 -0.10

 0.00

 0.04

 -0.12

 0.08

 -0.14

 -0.12

 -0.19

 0.63' 

 -0.07 

 0.06 

(0.987) 

N-ln(W

(0.986) 

ln(N-ln(W

(0.976) 

N-W

 110.78

 120.30

 166.0

 0.33" 

 0.87 

 0.23 

-0.18

-0.30

-0.32

 -0.04

 0.04

 0.02

 0.07

 0.09

 0.12

 -0.04

 -0.13

 -0.08

 0.01

 -0.14

 -0.10

 -0.09

 0.01

 -0.10

 0.74' 

 0.16 

 0.65 

(0.958) 

Al-\n{A)

(0.966) 

ln(Al)-ln(A)

(0.990) 

Al-A

 26.92

 36.97

 49.93

 0.5Z 

 1.17 

 3.39 

-0.30

-0.27

-0.27

 0.03

 0.03

 0.00

 0.11

 -0.06

 0.10

 0.00

 0.00

 0.06

 0.43

 0.04

 0.45

 -0.10

 -0.14

 0.14

 0.17 

 -0.18 

 0.59 

(0.974) 

Al-ln(0)

(0.966) 

ln(A/)-ln(0)

(0.919) 

AZ-Open

(0.957) 

 10.96

 2.59

 77.6

 0.93 

 0.83 

 2.62 

-0.87

-3.39

-0.37

 0.46

 -0.05

 0.12

 0.52

 1.66

 0.13

 -0.04

 2.58

 -0.12

 0.70

 0.55

 0.53

 -0.26

 -0.11

 -0.20

 -0.31 

 -0.25 

 -0.76 

t The values shown in the table are the standardized b values. 
X Refer to table 1 for the definitions of the models. 
§ DGIB—Distance to Gibraltar Island DNEAR—Distance to the nearest neighbor 

DUS—Distance to the American mainland SHAPE—The shape measure 
STRUC—The number of structure on the island PER—The perimeter of the island 
SOIL—The number of soil types mapped on the island 

• Significant at the 0.05 level. Due to the nature of the nonlinear 
power model significance levels were not obtainable. 
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approximately 4,000 years ago (at which time the west
ern basin became flooded and the islands truly became 
islands). Thus, the native flora of the islands does not 
represent a dispersed flora, and the distance to the 
mainland should not be expected to have had much in
fluence on the total numbers of species presently occur
ring on an island. 

The number of structures on an island had much 
larger b values in the alien species models than in the 
native species models. If the number of structures on an 
island is accepted as a surrogate for disturbance, then 
this result provided further evidence that native and al
ien species can be differentiated on the basis of their re
siduals, and that the differences appear logically 
consistent. 

Summary 

The results of the bivariate regression analyses indicated 
that the power model, when used in its nonlinear form, 
provided the best fit for the observed species totals of 
the Erie Islands. In addition, there were differences be
tween the parameters when the models were applied to 
the native species totals and the alien species totals. The 
results of the multiple regression analyses indicated that 
models of alien species distributions were different from 
models of native species. These results supported the 
contention that differing factors influenced the distribu
tions of alien and native species, and that these differ
ences were observable even on the basis of their 
respective species-area relationships. 

References 

Arrhenius, O. 1921. Species and area. J. Ecol. 9:95-99. 
. 1923a. Statistical investigations in the constitution of 

plant associations. Ecol. 4:68-73. 
-. 1923b. On the relation between species and area—a re

ply. Ecol. 4:90-91. 
Botham, W. 1982. Plants of Essex County. Essex Region Con

servation Authority, Ontario. 
Brown, J. H., and A. Kodric-Brown. 1977. Turnover rates in in

sular biogeography: effects of immigration on extinction. 
Ecol. 58:445-49. 

Brown, J. H., and A. C. Gibson. 1983. Biogeography. C. V. 
Mosby Company, St. Louis. 

Burgess, R. L., and D. M. Sharpe (eds.). 1981. Forest island 
dynamics in man-dominated landscapes. Springer - Verlag, 
New York. 

Connor, E. F., and E. D. McCoy. 1979. The statistics and biol
ogy of the species-area relationship. Am. Nat. 113:791-833. 

Connor, E. F., and D. Simberloff. 1978. Species number and 
compositional similarity of the Galapagos flora and avi
fauna. Ecol. Monogr. 48:219-48. 

Core, E. L. 1948. The flora*of the Erie islands: an annotated list 
of vascular plants. The Ohio State University. 

Diamond, J. M. 1969. Avifaunal equilibria and species turn
over rates on the Channel Islands of California. Proc. Natn. 
Acad. Sci. 64:57-63. 

Dodge, C. K. 1914. Annotated list of flowering plants and 
ferns of Point Pelee, Ontario and neighbouring districts. 
Geol. Survey Memoir 54, No. 2, Biol. Series. Canadian De
partment of Mines. 

Draper, N. R., and H. Smith. 1968. Applied regression analy
sis. John Wiley and Sons, Inc., New York. 

Duncan, T., and R. L. Stuckey. 1970. Changes in the vascular 
flora of seven small islands in western Lake Erie. Michigan 
Botanist 9(13):175-200. 

Fernald, M. L. 1950. Gray's manual of botany. 8th ed. Ameri
can Book Company, New York. 

Fisher, R. A., A. S. Corbet, and C. B. Williams. 1943. The rela
tion between the number of species and the number of indi
viduals in a random sample of an animal population. Animal 
Ecol. 12:42-58. 

Forman, R. T. 1974. Ecosystem size: a stress on the forest eco
system. Bull. Ecol. Soc. Am. 55(2):38. 

Freund, R. J., and P. D. Minton. 1979. Regression methods: a 
tool for data analysis. Marcel Dekker, Inc., New York. 

Gilbert, F. S. 1980. The equilibrium theory of island biogeogra
phy: fact or fiction. J. Biogeography 7:209-36. 

Glass, N. R. 1969. Discussion of calculation of power function 
with special reference to respiratory metabolism in fish. J. 
Fisheries Research Board of Canada 26:2643-50. 

Gleason, H. A. 1922. On the relation between species and 
area. Ecol. 3:158-62. 

. 1925. Species and area. Ecol. 6:66-74. 
Gorman, M. L. 1979. Island ecology. Chapman and Hall, 

London. 
Heatwole, H., and R. Levins. 1973. Biogeography of the 

Puerto Rican Bank: species turnover on a small cay, Cayo 
Ahogedo. Ecol. 54:1042-55. 

Hoehne, L. M. 1981. The groundlayer vegetation of forest is
lands in an urban-suburban matrix. In Burgess and Sharpe 
1981, pp. 41-53. 

Holland, P. G. 1978. Species turnover in deciduous forest veg
etation. Vegetatio 38:113-18. 

Jarvis, P. J. 1979. The ecology of plant and animal introduc
tions. Prog. Phys. Geogr. 3:187-214. 

Klinkenberg, B. 1983. The theory of island biogeography with 
special reference to the Lake Erie islands. MS thesis, Depart
ment of Geography, University of Western Ontario. 

Langlois, T. H. 1954. The western end of Lake Erie and its ecol
ogy. Edwards Brothers, Inc., Ann Arbor. 

. 1965a. The waves of Lake Erie at South Bass Island. 
Ohio J. Science 65:335-42. 

. 1965b. Ecological processes at a section of shoreline of 
South Bass Island, Lake Erie. Ohio J. Science 65:343-52. 



105 C H A P T E  R 9 Island Biogeography and Vascular Flora 

Levenson, J. B. 1981. Woodlots as biogeographic islands in 
southwestern Wisconsin. In Burgess and Sharpe 1981, 
pp. 13-39. 

Lewin, R. 1983. Santa Rosalia was a goat. Science 221: 636-39. 
Lombardi, J. R. 1972. Changes in the vascular flora of seven 

small Lake Erie islands and its application to island theory. 
Unpublished manuscript, Ohio State University. 

MacArthur, R. H. 1972. Geographical ecology: patterns in the 
distribution of species. Harper & Row, New York. 

MacArthur, R. H., and E. O. Wilson. 1963. An equilibrium 
theory of insular zoogeography. Evolution 17:373-87. 

. 1967. The theory of island biogeography. Princeton 
University Press, Princeton, N.J. 

McCord, R. A. 1980. Biogeography of the vascular flora on the 
islands in the Bering Sea Region. Ph.D. diss. University of 
Tennessee. 

McNeill, J., and W. J. Cody. 1978. Species-area relationships 
for vascular plants of some St. Lawrence River islands. Can. 
Field-Nat. 92:10-18. 

Martin, T. E. 1981. Species-area slopes and coefficients: a cau
tion on their interpretation. Am. Nat. 118:823-37. 

Massam, B. H., and M. F. Goodchild. 1971. Temporal trends 
in the spatial organization of a service agency. Can. Geogr. 
15:193-206. 

May, R. R. 1975. Patterns of species abundance and diversity. 
In M. L. Cody and J. M. Diamond (eds.), Ecology and evolu
tion of communities, pp. 81-120. University of Wiscosin, 
Madison. 

Mosely, E. L. 1899. Sandusky flora—a catalogue of the flower
ing plants and ferns growing without cultivation, in Erie 
County, Ohio, and the peninsula and islands of Ottawa 
County. Ohio State Academy of Science, Special Paper 
Number 1. 

Pianka, E. C. 1978. Evolutionary ecology. 2nd ed. Harper & 
Row, New York. 

Pielou, E. C. 1979. Biogeography. John Wiley and Sons, New 
York. 

Preston, F. W. 1962. The canonical distribution of common
ness and rarity. Ecol. 43:182-215, 410-32. 

Riebesell, J. F. 1982. Arctic-alpine plants on mountaintops: 
agreement with island biogeography theory. Am. Nat. 
119:657-74. 

Sepkoski, J. J., and M. A. Rex. 1974. Distribution of freshwater 
mussels: coastal rivers as biogeographic islands. Systematic 
Zoology 23:165-88. 

Simberloff, D. S. 1974. Equilibrium theory of island biogeogra
phy and ecology. Annu. Rev. Ecol. Syst. 5:161-82. 

. 1976. Species turnover and equilibrium island biogeog
raphy. Science 194: 572-78. 

-. 1978. Using island biogeographic distributions to de
termine if colonization is stochastic. Am. Nat. 112:713-26. 

. 1982. Island biogeographic theory and the design of 
wildlife refuges. Translation of Ekologiya 4:3-13. 

Simberloff, D. S., and E. F. Connor. 1979. Q-mode and R-
mode analyses of biogeographic distributions: null hy
potheses based on random colonization. In G. P. Patil, and 
M. L. Rosenzweig (eds.), Contemporary quantitative ecol
ogy and related ecometrics, pp. 123-38. International Coop
erative, Fairfield, Md. 

Slack, N. G.,S. A. Nicholson, and A. R. Breish. 1975. Vegeta
tion of the Lake George Islands: disturbance, diversity and 
management. Bull. Ecol. Soc. Am. 56:53. 

Sly, P. G. 1976. Lake Erie and its basin. Fisheries Board of Can
ada 33:355-70. 

Smith, R. L. 1980. Ecology and field biology, 3rd ed. Harper 
and Row, New York. 

Sokal, R. R., and F. J. Rohlf. 1969. Biometry. W. H. Freeman, 
San Francisco. 

Stenseth, N. C. 1979. Where have all the species gone? On the 
nature of extinction and the red queen hypothesis. Okios 
33:196-227. 

Stoddart, D. R. 1977. Biogeography. Prog. Phys. Geogr. 1:537
43. 

. 1978. Biogeography. Prog. Phys. Geogr. 2:514-28. 

. 1981. Biogeography: dispersal and drift. Prog. Phys. 
Geogr. 5:575-90. 

Stuckey, R. L., and T. Duncan. Flora of the Erie islands: its ori
gin, history and change. To be published by the Ohio Bio
logical Survey. 

Sugihara, G. 1980. Minimal community structure: an explana
tion of species abundance patterns. Am. Nat. 116:770-87. 

Sugihara, G. 1981. S = CA\ z = V*: a reply to Connor and 
McCoy. Am. Nat. 117:790-93. 

Tallamy, D. W. 1983. Equilibrium biogeography and its appli
cation to insect host-parasite systems. Am. Nat. 121:244-54. 

Ugland, K. I., and J. S. Gray. 1982. Lognormal distribution and 
the concept of community equilibrium. Okios 39:171-78. 

Verber, J. L. 1955. The climates of South Bass Island, western 
Lake Erie. Ecol. 36:388-400. 

Watts, D. 1984. The spatial dimension in biogeography. In J. 
A. Taylor (ed.), Biogeography. Recent advances and future 
directions, pp. 25-62. Barnes & Noble Books, Totowana, 
N.J. 

Williams, G. R. 1981. Aspects of avian island biogeography in 
New Zealand. J. Biogeography 8:439-56. 

Williamson, M. 1981. Island populations. Oxford University 
Press, Oxford. 

Wright, S. J. 1981. Intra-archipelago vertebrate distribution: 
the slope of the species-area relation. Am. Nat. 118:726-48. 

Zar, J. H. 1968. Calculation and miscalculation of the allometric 
equation as a model in biological data. Bioscience 18:1118— 
20. 



10 Distribution of the Terrestrial Isopoda on 
Islands of Western Lake Erie 

RALPH W. DEXTER, WILLIAM F. HAHNERT, AND JOSEPH A. BEATTY 

In her "Monograph on the Isopods of North America," 
Richardson (1905) listed Cylisticus convexus 
(DeGeer) from Kelleys Island in Lake Erie, and Armadil
lidium vulgare (Latreille) from Coney Island in Ohio (an 
amusement park on the Ohio River, east of Cincinnati). 
Both of these species have worldwide distribution. In 
his "List of Isopoda from the State of Ohio," Lindahl 
(1906) included six species of terrestrial isopods from 
southern Ohio, and in a survey of the terrestrial isopods 
of northeastern Ohio, Stiffler (1949) reported eight spe
cies, including the first Ohio record for the native spe
cies Ligidium elrodii (Packard), formerly known as L. 
longicaudatum Stoller (Schultz 1970), the only one of the 
eight species not found on islands of western Lake Erie. 

In Michigan, Hatchett (1947) collected ten species of 
terrestrial isopods, including the native species L. elrodii 
with nine exotic species. On five islands of Lake Michi
gan, he found four species (2-4 on each island), but he 
also did not find the native species on the islands. 

In Indiana, Eberly (1954) reported nine species of ter
restrial isopods, including the native species and eight 
exotic species. On Isle Royale in Lake Superior and 
Mackinaw Island in the Straits of Mackinac, Adams 
(1909) found only one species—Cylisticus convexus (a sin
gle specimen on each island). In 1957, Dr. Robert M. 
Linn, Chief Park Naturalist at Isle Royale National Park, 
at our request, made an intensive search for land sow 
bugs on Isle Royale and several small islands nearby 
without ever finding a single specimen. The next sum
mer Robert G. Johnsson, also of the National Park Ser
vice, reported finding one sow bug on Isle Royale, but it 
was neither identified not saved. (Personal communica
tion from R. N. Linn). 

Sargent (1972) listed eight exotic species from Minne
sota, while Muchmore (1957,1970) added eight exotic 

species of land sow bugs to the seven species previously 
reported for New York state. 

In 1924 Johansen reported the first record of a terres
trial isopod from Anticosti Island in the Gulf of St. Law
rence. Porcellio scaber Latreille was found to be common 
and widely distributed, but was the only species found. 

Blake (1931) listed five species and Proctor (1933) 
listed six species from Mt. Desert Island in Maine. Proc
tor also listed five species for Bar Island and one species 
for Long Porcupine Island, small islands offshore from 
Mt. Desert Island; all species were exotic. Lohmander 
(1928) reported a single species (Haplophthalmus danicus 
Budde-Lund) from Plummer Island in the Potomac 
River in Maryland, and Hatch (1939) found one species 
(Porcellio scaber) on four of the San Juan Islands and on 
Vancouver Island on the coast of Washington state. 

Area of Study 
Altogether, twenty-two islands were sampled for terres
trial isopods (fig. 1). Core (1948) published a map with 
descriptions of the islands of western Lake Erie. Our fig
ure 1 is based on his map and indicates those islands in
cluded in our study. Many of them are illustrated in 
Core's monograph. 

Systematic collections were made over a period of 
thirty-eight years (1946-1983). Hahnert collected from 
1946 to 1948 and from 1956 to 1958; Dexter collected 
from 1953 to 1955, 1967,1969, 1971; and Beatty collected 
from 1958 to 1959 and from 1968 to 1983. We were aided 
by students enrolled in the invertebrate zoology class at 
Stone Laboratory. 

Identifications were made primarily by the key pub
lished by Hatchett (1947). Hahnert (1962) and Beatty 
(1974) also prepared their own keys from the literature, 
based primarily on the Hatchett key. A preliminary re
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Fig. 10.1. The islands of western Lake Erie sampled for terrestrial 
isopods (based on Core 1948). 

port on results based on the field work of 1953-55 was 
given earlier by Dexter (1955). 

Distribution of Terrestrial Isopoda on Islands of Western 

Lake Erie 

Table 1 summarizes the results. Altogether 12 species 
were collected from twenty-two islands which ranged in 
size from about 4,000 hectares (Pelee Island) to a single 
rock (the smaller rattle off Rattlesnake Island). In gen
eral, the larger inhabited islands had more species, as 
would be expected. However, the largest island (Pelee) 
with seven species was sampled only in part, while Gi
braltar, one of the smaller islands, with 10 species, was 
sampled quite thoroughly, since it was our home base. 

Cylisticus convexus was found on all but one (the 
smaller rattle) of the twenty-two islands. Porcellio spini
cornis Say was found on all but three of the smaller is
lands (Hen, Mouse, and Starve), and P. scaber and 
Trachelipus rathkei (Brandt) were found on eighteen and 
fifteen of the islands, respectively. All but four species 
were widely distributed. Thirteen islands had at least 
five species, and undoubtedly the small species were 
often overlooked because of their resemblance to imma
ture stages of larger species. Armadillidium nasatum 

Distribution of the Terrestrial Isopoda 

Budde-Lund, found only on Gibraltar Island, is seldom 
found outdoors at this latitude. Usually it is confined to 
greenhouses or other enclosures. 

All of the species collected, with one possible excep
tion, were old-world species introduced by agriculture, 
commerce, or driftwood, and all of them are found on 
the adjacent mainland of Ohio and Michigan. Half of 
the species are cosmopolitan in distribution (Richardson 
1904; VanName 1936). Lindroth (1957) concluded that 
such common and widely distributed exotic fauna on 
both sides of the Atlantic Ocean were introduced by hu
man agency. Undoubtedly this was the case with the 
terrestrial isopods on the islands of western Lake Erie. 

Species Accounts 

Trichoniscus pusillus Brandt 
Formerly known as a native species, T. detnivirgo Blake, 
it is now regarded as the introduced species T. pusillus 
Brandt (Schultz 1965). Because identification of terres
trial isopods relies largely upon male structures, distin
guishing species in this largely parthenogenetic genus is 
difficult. The former classification was questioned by 
Hatch (1947), and reduced to synonomy by Schultz 
(1965). Up to the present time, the species has been 
taken on only two of the Lake Erie islands, but a specific 
search for it may show that it occurs on others as well. 

Haplophthalmus danicus Budde-Lund 
This very small, white isopod has been taken on only 
four islands, but no doubt was overlooked on others. It 
appears to occur almost exclusively in damp, rotted 
wood where it may occur in quite large populations. 

Hyloniscus riparius (Koch) 
As its name implies, this small pink isopod, its eyes 
consisting of a single ocellus each, is predominantly a 
shoreline species. It undoubtedly occurs on many more 
islands than the six on which it has been taken. Schultz 
(1965) has reviewed its distribution in North America. 

Oniscus asellus Linnaeus 
One of the largest of the terrestrial isopods, this species 
has only a restricted distribution in the Lake Erie is
lands. It is known from six of the islands, and appears 
limited to mesic, mostly heavily wooded areas. 
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Island/area Total no./% 

Pelee 7/58.3 
(4,043 ha) 
Kelleys 5/41.7 
(1,155) 
S. Bass 11/91.7 
(666) 
M. Bass 8/66.7 
(307) 
N. Bass 7/58.3 
(278) 
W. Sister 6/50.0 
(28) 
E. Sister 5/41.7 
(26) 
Rattlesnake 6/50.0 
(24) 
Middle 7/58.3 
(21) 
Sugar 7/58.3 
(16) 
Green 8/66.7 
(7) 
Ballast 7/58.3 
(5) 
M. Sister 2/16.7 
(4) 
Gibraltar 10/83.3 
(2.4) 
Hen 3/25.0 
(2.3) 
Mouse 4/33.3 
(1.8) 
N. Harbor 3/25.0 
(1.2) 
Big Chicken 5/41.7 
(0.5) 
Starve 2/16.7 
(0.2 
Lost Ballast 3/25.0 
(0.1) 
Lge. rattle 3/25.0 
(0.04) 
Sml. rattle 2/16.7 
(0.03) 
Total no./ 21 19 18 16 13 11 7 6 4 3 2 1 

95.4 86.4 81.8 72.7 59.1 50.0 31.8 27.3 18.2 13.6 9.1 4.5 
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Porcellio scaber Latreille 

This is one of the most common and widely distributed 
of the isopods of the islands. It has been taken on all the 
islands except Middle Sister and three of the smallest is
lands, Big Chicken and the two rattles off Rattlesnake, 
and is found in a variety of microhabitats. 

Porcellio laevis Latreille 
A predominantly tropical and warm temperate species, 
P. laevis has been taken in the Lake Erie islands only by 
Hahnert, whose specimens are, unfortunately, no 
longer available. It is quite unlikely that reproducing 
populations of the species are established on any of the 
islands. 

Porcellio spinicornis Say 

The extent of this species' distribution on the Lake Erie 
islands is exceeded only by that of Cylisticus convexus. 
Drier habitats are occupied by P. spinicornis than by any 
of the other species. It has been taken on all islands ex
cept Hen, Mouse, and Starve. 

Porcellionides pruinosus (Brandt) 
The current distribution of this species on the islands 
appears to be much more restricted than it had been 
previously. Beatry's collection includes it from only one 
island, Gibraltar, while Hahnert and Dexter found it on 
ten other islands as well. This southern species may be 
more susceptible than some of the other species to low 
temperatures, judging from its overall distribution. A 
review of its distribution in North America has recently 
been published by Garthwaite and Sassaman (1985). 

Cylisticus convexus (DeGeer) 
This species is virtually ubiquitous in the island region, 
having been collected on every island except the small
est one, the eastern rattle off Rattlesnake. It almost 
surely was simply overlooked there. It appears to be 
partial to moist habitats. 

Trachelipus rathkei (Brandt) 
Another widely distributed species, but less common 
than the others. It has not been collected from four of 
the smaller islands or from West Sister, Middle Sister, or 
Hen. It has been taken, however, on the smallest island. 

Armadillidium nasatum Budde-Lund 
Another species whose North American distribution is 
primarily more southern, this isopod, seldom found 
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outdoors in northern climates, has been taken only on 
Gibraltar Island. A breeding population was obviously 
established there, as Beatty's 1969 collection includes 
three large egg-carrying females. However, the species 
has not been recollected since then, and may have been 
eliminated from the island by severe winters. It has be
come widely distributed outdoors in eastern United 
States (Schultz 1961), and its outdoor range is extending 
northward. 

Armadillidium vulgare (Latreille) 
This pill bug is one of the commonest and most familiar 
in North America. In the Lake Erie islands, however, it 
has not been taken on any of the seven islands whose 
size is 2.0 hectares or less, or on East Sister or Middle 
Sister. It is more resistant to dry conditions than any of 
the other island isopods that have been studied, except 
for Porcellio spinicornis (Tack and Edgar 1966). 

References 

Adams, C. C. 1909. An ecological survey of Isle Royale. An
nual Rept. (for 1908) Geol. Survey of Mich. 15; 249-77. 

Beatty, J. A. 1974. Key to the terrestrial and freshwater isopods 
of Illinois, mimeo. 

Blake, C. H. 1931. Distribution of New England wood lice. Oc
cas. Papers, Boston Soc. Nat. Hist. 5:349-55. 

Core, E. L. 1948. The flora of the Erie Islands. An annotated 
list of vascular plants. Contrib. 9. Franz Theodore Stone Lab. 
Ohio State University Press, Columbus. 

Dexter, R. W. 1955. Distribution of the terrestrial Isopoda on 
the islands of Western Lake Erie (abstract). Bull. Ecol. Soc. 
Amer. 36 (4):108. 

Eberly, W. R. 1954. The terrestrial isopods (Oniscoidea) of In
diana. Proceed. Ind. Acad. Sci. 63:272-77. 

Garthwaite, R., and C. Sassaman. 1985. Porcellionides florida, 
new species, from North America; Provinciality in the cos
mopolitan isopod Porcellionides pruinosus (Brandt). Jour. 
Crustacean Biol. 5:539-55. 

Hahnert, W. F. 1962. Common land isopods of Ohio, mimeo. 
Hatch, M. H. 1939. Records of terrestrial Isopoda or sow bugs 

from North America. Amer. Midi. Nat. 21:256-58. 
. 1947. The Chelifera and Isopoda of Washington and 

adjacent regions. University of Washington Pub. in Biol. 10 
(5): 155-274. 

Hatchett, S. P. 1947. Biology of the Isopoda of Michigan. Ecol. 
Monog. 17:47-79. 

Johansen, F. 1924. A biological excursion to Anticosti Island. 
Canad. Field Nat. 38:161-64. 

Lindahl, J. 1906. A list of Isopoda from the State of Ohio, pre
served in the museum of the Cincinnati Society of Natural 
History. Ohio Naturalist 6:488. 

Lindroth, C. H. 1957. The faunal connections between Europe 
and North America. John Wiley, New York. 



110 P A R T 3 Insular Patterns: Plants and Invertebrates 

Lohmander, H. 1928. On some terrestrial isopods in the U.S. 
National Museum. Proc. U.S. Nat. Mus. 72:1-18. 

Muchmore, W. B. 1957. Some exotic terrestrial isopods (Iso
poda: Oniscoidea) from New York State. Jour. Wash. Acad. 
Sci. 47:78-83. 

—. 1970. New records of European wood lice in New 
York. Ent. News 81:198-99. 

Proctor, W. 1933. Biological Survey of Mt. Desert Region. Part 
5, Marine Fauna, pp. 247-48. Wistar Institute Press, 
Philadelphia. 

Richardson, H. 1904. Contributions to the natural history of 
the Isopoda. Proceed. U.S. Nat. Mus. 27:1-89. 

. 1905. A monograph on the isopods of North America. 
Gov. Printing Office, Washington, D.C. 

Sargent, J. E. 1972. Terrestrial isopods of Minnesota. Jour. 
Minn. Acad. Sci. 38:88-92. 

Schultz, G. A. 1961. Distribution and establishment of a land 
isopod in North America. Systematic Zool. 10:193-95. 

. 1965. The distribution and general biology of Hylonis
cus riparius (Koch) in North America. Crustaceana 8:131-40. 

-. 1970. Descriptions of new subspecies of Ligidium elro
dii (Packard) comb. nov. with notes on other isopod crusta
ceans from caves in North America. Amer. Midi. Nat. 84:36
45. 

Stiffler, V. G. 1949. Ecological studies on the isopod Crustacea 
of Northeastern Ohio. MA thesis, Kent State University, 
Kent, Ohio. 

Tack, S. L., and A. L. Edgar. 1966. Reactions of Michigan iso
pods to various conditions of moisture and light. Papers, 
Mich. Acad. Sci., Arts, and Letters 51:97-107. 

Van Name, W. G. 1936. The American land and freshwater is
opod Crustacea. Bull. Amer. Mus. Nat. Hist. 71:1-535. 



11 Spiders of the Lake Erie Islands


JOSEPH A. BEATTY


Much of the literature concerned exclusively or largely 
with the Ohio spider fauna has been written by Barrows 
(1918,1919,1924,1943). Other works are by Everly 
(1938), Semans (1941), Seyler (1941), Barrows and Ivie 
(1942), Cannon (1965), Miller (1966), and Suman (1966). 
Further records of Ohio spiders form a small part of pa
pers by Gertsch (1936), Barrows (1940,1945), and ap
pear in many taxonomic monographs, especially of the 
past thirty years. 

Despite this number of papers, few species of spiders 
have been reported from the islands of Lake Erie. In all 
of Barrows' publications, for example, only one spider is 
reported from one of the islands (Barrows 1924). Bar
rows did, however, publish many records from the 
south shore of Lake Erie (op. cit.), especially from Cedar 
Point, where Ohio State University's Lake Laboratory 
(now the F. T. Stone Laboratory) was located from 1903 
to 1917 (Langlois 1949). 

Objectives 
In this study I investigated faunal turnover on a small, 
easily accessible island, Gibraltar, and compared this is
land's fauna with what is known from the other islands, 
and from the Ohio mainland. The major objectives were 
a) to determine what spider species occur on Gibraltar 
Island; b) to determine whether the Gibraltar fauna 
shows turnover (change in species composition from 
year to year); c) to determine what faunal differences, if 
any, are shown by the spider populations of Gibraltar 
Island (and others in its group), the eastern group of is
lands, and the Ohio mainland. 

Methods 
Qualitative collections were made, in as many micro
habitats as could be distinguished, by several methods. 
Most specimens were taken by sweeping shrubs and 
herbaceous vegetation with a net, or by hand collecting 
in various situations. Others were collected by beating 

shrubs and trees, in pitfalls, or by Berlese funnel. The 
Berlese funnels proved so unproductive that their use 
(on Gibraltar Island) was discontinued early in the 
study. Almost all collecting was done in June, July, and 
August of each year. The collections were not made in 
such a way that relative species abundances can be esti
mated from the numbers of specimens collected. 

The Study Area and Study Period 

The twenty-four islands of Lake Erie's western basin de
scribed and illustrated by Core (1948) were those in
cluded in this study. (A few other islands occur in the 
western basin.) These islands fall into two main groups: 
the eastern limestone islands—Kelleys, Middle, and Pe
lee; and the more western dolomitic islands—the Bass 
Island group and others to the north of them. Two other 
islands, West Sister and Middle Sister, are isolated from 
these groups, to the west and northwest. 

Collections of spiders were obtained from all of these 
islands except for two of the smallest, Little Chicken 
and Chicken Reef. These two have apparently been sub
merged, or nearly so, for the past several years. They 
have presumably been frequently washed over during 
storms and subjected to ice scour during winters. An
other island, Lost Ballast, similarly disappeared after 
collections were made from it. Buckeye Point, formerly 
a part of South Bass Island, has been cut off from it, and 
is now known as Buckeye Island. The only spiders 
taken from the latter area were collected before its sepa
ration from South Bass Island. 

The islands on which collecting was most intensive 
were South Bass Island and Gibraltar Island. The area of 
Gibraltar Island is only six acres, but microhabitat diver
sity is relatively large for its area. It includes shingle 
beach, cliffs, buildings, open grassy areas mowed and 
unmowed, wooded sections with a canopy, shrubby 
and herbaceous understories, dead trees, rocks and 
logs, and cavelike areas. The areas occupied by some of 
these microhabitats are, of course, sometimes quite 
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small. Several habitat types present on larger islands 
such as South Bass are absent from Gibraltar, e.g., 
ponds, marshes, sandy beaches and true caves, and leaf 
litter is scanty. Changes in proportion of the various mi
crohabitats on Gibraltar have occurred during the 
course of the study. 

South Bass Island has an area of 1,664 acres, with sev
eral microhabitats not present on Gibraltar, and much 
larger areas of microhabitats common to the two is
lands. Its principal forest cover is hackberry-sugar ma
ple, and a stand of red cedar is also present. During the 
study certain areas that had been open field reverted to 
forest, and reduction of understory occurred in some 
forested areas. 

My first collections from the island region were made 
in 1958, but intensive collecting was not begun until the 
following year. From 1960 through 1967 only a few brief 
periods were spent on the islands (1962,1963,1966), 
and little collecting was done during these visits. Dur
ing the years 1968 through 1983 my residence in the is
lands varied from 2 to 8 weeks per summer, and 
collecting was as thorough as possible at these times. 
After 1970 the collecting was concentrated primarily on 
Gibraltar Island, but other islands, especially South 
Bass, were examined as opportunity offered. References 
to "the study period" in the discussion of turnover on 
Gibraltar Island include the years 1959 and 1968-1983 
only. 

Results 
The material in my collection includes over 26,000 speci
mens of spiders from the islands, and more than three 
times this many have been collected and examined. The 
latter group included large numbers of unidentifiable 
immature specimens which were discarded. A few rec
ords from other collections or from recent revisionary 
literature have been included. 

Some specimens and information have been donated 
by the students and staff of Stone Laboratory. I am 
grateful to them for their assistance. Special thanks are 
due Dr. Ralph Dexter and Dr. Barry Valentine, who on 
occasion encouraged their entire classes to collect spi
ders, and to allow me to retain specimens of interest. 

Spiders of the Lake Erie Islands Compared with Those of 

Mainland Ohio 

The fauna of mainland Ohio has not been well studied, 
but I have gathered all the records I could find, espe

cially from Barrows' papers on Ohio spiders, and from 
recent taxonomic revisions. No doubt a few records 
have been overlooked, but not enough to affect the re
sults significantly.' 

So far, 232 species of spiders are known from the Lake 
Erie Islands (see appendix A), and 410 from mainland 
Ohio. For comparison with the latter figure, 530 species 
are known from Illinois, and 600 from southern New 
England, the only part of North America where the spi
der fauna is well known. (The latter three figures have 
all been rounded to the nearest 10 species.) The island 
fauna includes 40 species that are new records for the 
state, which are therefore not yet known from the main
land. One may confidently predict that more than 100 
additional spider species will be found in Ohio. The is
land region, therefore, has about 57% of the species 
now known from mainland Ohio, but only about 40% or 
less of the probable total (assumed to be = 600 species). 

In all of the areas I have referred to, the same 10 spi
der families account for 91-97% of the local faunas. 
(Nineteen other families are represented in the remain
ing 3-9%; they total about 50 species; see appendix B.) 
There are some differences in relative abundances of 
these dominant families between the islands and the 
mainland. The principal difference is that, in number of 
species, those families which build prey-catching webs 
are proportionately more common on the islands than 
on the mainland, and the non-web-building families 
less common. This relationship has been noted on is
lands elsewhere (Berland 1934; Marples 1955). The dif
ference is not great. For example, the web-building 
families Theridiidae and Dictynidae constitute 12.1% 
and 5.2%, respectively, of the Lake Erie island fauna 
and 8.9% and 3.7% of the Ohio mainland fauna. Figures 
for the hunting families Lycosidae, Gnaphosidae, and 
Clubionidae are 7.3%, 5.2%, and 4.3% of the island, and 
9.1%, 7.9%, and 5.7% of the mainland fauna, respec
tively. I anticipate that continued collecting will bring 
the proportion of the mainland fauna that is known 
from the islands down somewhat from its present level, 
but will probably leave it near 50%.The imbalance will 
probably persist, or perhaps increase. 

Spiders of the Eastern and Western Island Groups 

There are strong qualitative differences between the 
known faunas of the eastern and western chains of is
lands, but they are doubtless due primarily to differen
tial sampling. Of the specimens in my collection, 23,000 
have been taken on two islands, Gibraltar and South 
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Bass, and only somewhat more than 1,000 on the east
ern island group. 

Despite this difference in sampling effort, 124 species, 
53.4% of the total, are known from both island groups. 
Another 98 species have been found only on the west
ern islands, and 10 only on the eastern islands. How
ever, 67 of these 108 have been taken on only one 
island, so their restriction to a single chain is of little sig
nificance. It is striking to note that 50% of the species 
known from only two or three islands have been found 
on both groups of islands. (See appendix C.) 

My prediction is that further collecting will nearly 
eliminate the qualitative differences between faunas of 
the two chains, except for rare species and those of 
specialized microhabitat. Quantitative differences are to 
be expected, however. 

The Spider Fauna of Gibraltar Island Compared with That 
of Other Islands 

The known fauna of Gibraltar is extremely large by com
parison with that of any of the other islands, given Gi
braltar's area. Only the South Bass Island fauna is useful 
for comparison, because of the distribution of sampling 
effort. The comparison indicates that, to spiders, micro
habitat diversity is vastly more important than island 
size. Gibraltar Island, with six acres, has 152 known 
species. South Bass Island, with 1,664 acres, has 162 
known species of spiders. Even if one assumes that all 
the species found on any of the islands occur on South 
Bass, we have a situation in which reduction of island 
area by a factor of 260 results in a loss of only a little 
more than one-third of the fauna. Further collecting will 
certainly increase the size of the South Bass Island 
fauna, relative to that of Gibraltar, but by how much I 
can not predict. 

Turnover of the Gibraltar Island Spider Fauna 
Turnover of the spider fauna on Gibraltar Island seems 
to be documented clearly, but at a rather low level. The 
difficulties of sampling even such a small area thor
oughly seem to have been largely overcome only during 
the last seven years of the study. 

It appears that 71 of the Gibraltar species, 46.7% of 
the total, have been present on the island continuously 
throughout the study period. Twenty-two of these spe
cies have actually been collected during each sampling 
season, and another 20 have been missed in only one to 
three years. Forty-nine species have apparently immi
grated to the island or become extirpated from it, or 
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both, during this time. Conservative immigration and 
extinction rates are 1.75 immigrant, and 1.37 extirpated 
species per year. For various reasons, the status of 31 
species remains uncertain. However, if all of these were 
counted as immigrants or extirpations they would in
crease the given rates by only about two-thirds each. 

Although the total known spider fauna of Gibraltar is 
152 species, the maximum number of species taken in 
any one year was 104, and the actual number present in 
any given year may be no more than 110-120. This 
points up a major difficulty in any attempt to test the 
equilibrium theory of island biogeography. What is 
needed is a complete, instantaneous, simultaneous cen
sus of each area to be compared, and this objective can
not possibly be approximated, at least for spiders, 
without a thorough prior knowledge of the areas. 

Year after year sampling, such as I have done on Gi
braltar, will simply yield a species list that will grow 
constantly, at a diminishing rate, but will not tell much 
about what is to be expected at any given moment. Ad
ditional data on habitat preference, physiological toler
ances, climatic conditions, and source faunas are 
needed. The first year of "thorough" collecting on Gi
braltar yielded 75 species of spiders. From 1968 through 
1980 the known fauna of the island increased by an av
erage of 5 species per year. Only during the last three 
years, 1981-83, did the increase begin to level off, aver
aging 2 species per year for that period. 

Further study on Gibraltar should clarify the status of 
at least some of the species which remain uncertain, 
though many of these are rather rare and sporadic in 
their occurrence. Immigration and extinction rates can 
probably be made more definite, but I am not sure the 
results would justify the effort necessary to solve some 
of the problems involved. 

Conclusions 

In the present state of knowledge, the factors that have 
determined the distribution of spiders on the Lake Erie 
islands can not be specified further than the obvious 
and all-encompassing ones; the initial, pre-island-stage 
faunas of the areas that are now islands, differential ex
tinction since those areas became islands, and immigra
tion. Ecological factors that have been involved could be 
suggested, but their relative importances must be estab
lished, as far as they now can be, by further study. 

The spider faunas of the islands may at present be 
more diverse than they were during the precolonization 
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period, as a result of the presence of several stages of 
secondary succession resulting from human activity. 
Other studies (e.g., Berry 1970) have shown that there is 
a strong difference between forest- and nonforest-com
munity spider faunas, and a much smaller difference 
between any two community types in either category. If 
we assume that all of the islands were completely or al
most completely forested initially, we must accept the 
presence of nonforest species now as being entirely or 
mostly due to immigration. 

With this study as a basis, and attention to enough 
ecological factors, further study could answer many in
teresting questions which my data can not. Perhaps 
after another ten years of work my initial goals could be 
reached. 
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Appendix A 

Checklist of Spiders of the Lake Erie Islands 
This checklist is based almost entirely on specimens I 
have collected on the Lake Erie islands, beginning in the 
summer of 1958. The collection is housed in the Depart
ment of Zoology, Southern Illinois University at Car
bondale. Several records have been obtained from the 
collection of Dr. A. A. Weaver, of the College of Woos
ter, Wooster, Ohio, and a few have been added from 
the literature or from specimens in museum collections. 

Most identifications are firm; a few remain in doubt. 
A question mark preceding the name of a species indi
cates some question that the identification is correct. In 
a few instances no adult specimens of a given genus 
have yet been taken on any of the islands, e.g., Micaria 
sp. Adults have not always been collected on all of the 
islands from which a given species is recorded, but 
many immatures are identifiable with considerable ac
curacy. Those that are not are marked"?" when listed 
from a given island. 

Except for Gibraltar, South Bass, and perhaps some of 
the very small islands, the faunal list for a given island 
is quite incomplete. The spider fauna of Gibraltar is 
probably 95% or more known at present, that of South 
Bass perhaps 70-80%. I would welcome contributions of 
specimens that are new records for any of the islands. If 
desired, I will be glad to provide other specimens in ex
change, and to make or confirm identifications. 

Atypidae 
Sphodros niger (Hentz). Rare, in burrows or wandering on 

ground. Gibraltar, South Bass (latter record from Gertsch 
1936). 

Dysderidae 
Dysdera crocata C. L. Koch. Moderately common, under 

rocks, logs, bark of dead trees. Gibraltar, Kelleys, Middle 
Bass, South Bass. 

Segestriidae 
Ariadna bicolor (Hentz). Common, in crevices on cliffs and 

buildings, tree trunks, in log piles, under rocks and 
boards. Ballast, Big Chicken, East Sister, Gibraltar, Green, 
Hen, Kelleys, Lost Ballast, Middle Bass, Middle Sister, 
Mouse, North Bass, North Harbor, Pelee, E. Rattle, W. 
Rattle, Rattlesnake, South Bass, Starve, Sugar, West 
Sister. 

Pholcidae 
Pholcus phalangioides (Fuesslin). Moderately common, in 

buildings, rarely on outer walls in summer. Gibraltar, 
North Bass, Pelee, Rattlesnake, South Bass. 

Spiders of the Lake Erie Islands 

Spermophora senoculata (Duges). Moderately common, in

buildings. Gibraltar, South Bass.


Theridiidae 
Achaearanea globosa (Hentz). Uncommon, on vegetation and 

under rocks. Gibraltar, Kelleys, South Bass. 
A.	 rupicola (Emerton). Uncommon, under rocks and logs in 

moist woods. South Bass. 
A.	 tepidariorum (C.L. Koch). Abundant, in buildings, on cliffs 

and buildings, under logs. Ballast, Gibraltar, Green, Hen, 
Kelleys, Middle, Middle Bass, Mouse, North Bass, Pelee, 
Rattlesnake, South Bass, Sugar. 

Argyrodes cancellatus (Hentz). Common, in woods on herba
ceous vegetation and shrubs, and commensal in webs of 
other spiders. East Sister, Gibraltar, Green, Kelleys, Mid
dle Bass, Pelee, South Bass. 

A.	 trigonum (Hentz). Rare, in woods, commensal in other

spiders' webs. South Bass.


Crustulina altera Gertsch & Archer. Rare, under rocks and 
boards. Gibraltar. 

C. sticta (O.P.-Cambridge). Rare, in rotten log. West Sister. 

Dipoena nigra (Emerton). Uncommon, on low vegetation in 
woods. South Bass. 

Enoplognatha marmorata (Hentz). Generally rare, locally mod
erately common, under rocks, logs, trash. Gibraltar, 
North Bass. 

£. ovata (Clerck). Common on low vegetation in woods. Gi
braltar, South Bass. 

E. tecta (Keyserling). Uncommon, under rocks and on low

vegetation. East Sister, Gibraltar, South Bass.


Euryopis funebris (Hentz). Rare, on vegetation and tree

trunks. Gibraltar, Pelee, South Bass.


£. pepini Levi. Rare, on pine tree. South Bass.


Steatoda americana (Emerton). Fairly common, wandering on 
ground or low vegetation, among grass. Gibraltar, South 
Bass. 

S. borealis (Hentz). Common, under rocks, logs, trash, in 
crevices on buildings. Ballast, East Sister, Gibraltar, 
Green, Kelleys, Lost Ballast, Middle, Middle Bass, Mouse, 
North Bass, Pelee, South Bass. 

S. triangulosa (Walckenaer). Uncommon to moderately com
mon, in buildings. Gibraltar, Pelee, South Bass. 

Theridion albidum Banks. Common, on herbs and low shrubs 
in woods. Gibraltar, Green, Hen, Kelleys, Pelee, South 
Bass. 

T. berkeleyi Emerton. Moderately common, on buildings and 
pine trees, under rocks. Gibraltar, Middle Bass, North 
Bass, Rattlesnake, South Bass, West Sister. 

T. differens Emerton. Moderately common, on plants and

buildings. Gibraltar, Kelleys, North Bass, Pelee, South

Bass, West Sister.


T. frondeum Hentz. Common, on herbs and low shrubs in

woods. Gibraltar, Green, Kelleys, Middle Bass, Mouse,

Pelee, South Bass, West Sister.
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T. glaucescens Becker. Abundant, on pine and juniper trees 
and walls of buildings. Ballast, Gibraltar, Rattlesnake, 
South Bass. 

T. lyricum Walckenaer. Rare, on trees in woods. South Bass. 
T. murarium Emerton. Common, on pine trees, walls of


buildings, low vegetation in woods. Ballast, East Sister,

Gibraltar, Hen, Kelleys, Lost Ballast, Pelee, Rattlesnake,

South Bass, West Sister.


T. neshamini Levi. Rare, on herbaceous vegetation in dense 
fields and in woods. Gibraltar, Pelee, South Bass. 

T. pennsylvanicum Emerton. Uncommon, on low vegetation 
in woods. South Bass. 

T. pictipes Keyserling. Abundant, on herbs and low shrubs in 
woods. Gibraltar, Green, Kelleys, Pelee, South Bass. 

Theridula emertoni Levi. Common, on low herbaceous vegeta
tion in thin to dense woods. Gibraltar, Green, Hen, Mid
dle, North Bass, Pelee, Rattlesnake, South Bass, Sugar, 
West Sister. 

Thymoites unimaculata (Emerton). Rare, on vegetation. Gi
braltar, Pelee, South Bass. 

Nesticidae 
Nesticus pallidus Emerton. Uncommon in open, fairly com

mon in a cave. Middle Bass, South Bass (Victory Cave). 

Linyphiidae (including Erigonidae, Micryphantidae) 
Bathyphantes concolor (Wider). Rare, under rocks, logs, trash. 

Gibraltar, Pelee, Starve. 
B. pallida (Banks). Rare, under rocks, logs, trash. East Sister, 

Gibraltar, Kelleys, Middle Bass, North Bass, North Har
bor, Rattlesnake. 

Ceratkelus emertoni (O.P.-Cambridge). Uncommon, on vege
tation in fields, on ground among grass. Gibraltar, Mid
dle, North Bass, South Bass. 

C. fissiceps (O.P.-Cambridge). Abundant, on herbaceous

vegetation and low shrubs in woods, on ground among

grass. Ballast, Gibraltar, Green, Hen, Kelleys, Middle,

Middle Bass, Middle Sister, Mouse, North Bass, Pelee,

Rattlesnake, South Bass, Sugar, West Sister.


C. similis (Banks). Uncommon, swept from vegetation, on

ground among grass. Gibraltar, Middle, Pelee.


Ceratinops crenata (Emerton). Rare, on ground among grass. 
Gibraltar. 

C. rugosa (Emerton). Rare, under rocks. Gibraltar. 

Ceratinopsis laticeps Emerton. Rare, on ground among grass. 
Gibraltor. 

C. purpurescens (Keyserling). Common, on herbs and shrubs 
in woods. Ballast, Gibraltar, Green, Kelley's, Middle?, 
Mouse, South Bass. 

Collinsia plumosa (Emerton). Rare, Gibraltar, South Bass. 

Eperigone maculata (Banks). Rare, in ground litter. South

Bass.


E. tridentata (Emerton). Rare, on ground under trash and

rocks. Middle Bass.


£. trilobata (Emerton). Uncommon, under rocks, among 
grass. Gibraltar. 

EridanCes erigonoides (Emerton). Locally common, in ground 
litter. Gibraltar, Hen, Middle Sister, North Bass, South 
Bass. 

Erigone atra Blackwall. Rare, under rocks. Gibraltar. 
E. autumnalis Emerton. Uncommon, on ground. Gibraltar, 

Middle Bass, South Bass. 
£. blaesa Crosby and Bishop. Common, under rocks, on 

ground among grass, on buildings. Gibraltar, Green, Kel
leys, Pelee, South Bass. 

E. dentigera O.P.-Cambridge. Uncommon, on ground, in 
beach litter. Gibraltar, Kelleys, Middle Bass. 

E. sp. unidentified. Uncommon, under rocks. Gibraltar. 

Frontinella pyramitela (Walckenaer). Rare, on herbs and 
shrubs in fields. South Bass, West Sister. 

Grammonota inornata Emerton. Common, under rocks, on 
ground among grass, on cliffs, buildings, plants. Gibral
tar, South Bass. 

G. pictilis (O.P.-Cambridge). Common, under rocks, on 
ground among grass, on cliffs and buildings. Gibraltar. 

G. spinimana Emerton. Fairly common, under rocks, among 
grass. Gibraltar. 

Helophora insignis (Blackwell). Common, on herbs and low 
shrubs in woods. Kelleys, Pelee, South Bass. 

Hypselistes florens (O.P.-Cambridge). Common, swept from 
vegetation. Gibraltar, North Bass, South Bass. 

Islandiana flaveola (Banks). Rare, in ground litter. Gibraltar, 
South Bass. 

Lepthyphantes leprosa (Ohlert). Abundant, under debris and 
rocks, on cliffs, in buildings. Ballast, Gibraltar, Kelley's, 
Lost Ballast, Middle Bass, North Bass, South Bass. 

L. nebulosa (Sundevall). Uncommon to moderately common, 
under rocks, logs, trash, in buildings. Gibraltar, Kelleys, 
Pelee. 

Linyphia dathrata Sundevall. Uncommon; on plants in 
woods, occasionally under debris. Gibraltar, Kelleys, 
North Bass, South Bass. 

L. impigra O.P.-Cambridge. Rare, under rocks, logs, etc., oc
casionally on low vegetation. Gibraltar, North Bass, Pelee, 
Rattlesnake. 

L. mandibulata Emerton. Common; on plants in woods, occa
sional on buildings. Gibraltar, Green, Hen, Middle Bass, 
Mouse, North Bass, Pelee, Rattlesnake, South Bass, 
Starve, West Sister. 

L. variabilis Banks. Rare; in woods. South Bass. 

Meioneta angulata (Emerton). Common; on vegetation, on 
ground among grass. Gibraltar, South 

M. unimaculata (Banks). Moderately common; under rocks, 
in buildings, among grass. Gibraltar, Pelee, Rattlesnake, 
South Bass, Starve, West Sister. 

Minyriolus aquatilis Crosby and Bishop. Rare; swept from 
herbaceous vegetation near pond. North Bass. 
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Pityohyphantes costatus (Hentz). Common, on herbs and

shrubs in woods. Gibraltar, Green, Middle Bass, Pelee,

South Bass.


Thyreosthenius parasiticus Westring. Rare; under rocks. 
Gibraltar. 

Walckenaera brevicornis (Emerton). Rare; on ground under 
rocks or among grass. Gibraltar. 

W. spiralis (Emerton). Uncommon; under rocks, among

grass. Gibraltar, Green, Kelleys, Pelee, South Bass,


unidentified linyphiids (2 species). Rare; on ground. Middle 
Bass, Starve. 

Araneidae (including Tetragnathidae) (= Epeiridae, 
Argiopidae) 

Acanthepeira stellata (Walckenaer). Moderately common; on 
plants in fields and open woods. Gibraltar, Kelleys, Mid
dle, Pelee, South Bass. 

Araneus marmoreus Clerck. Uncommon; on plants at edges of 
woods and in shrubby fields. South Bass. 

A. trifolium Hentz. Rare; on shrubs in open areas. Pelee. 
Araniella displicata (Hentz). Uncommon; on herbs and shrubs 

at edges of woods. Gibraltar, Middle Sister, South Bass. 

Argiope aurantia Lucas. Rare; on herbs and low shrubs in 
fields, marshes or open areas in woods. Gibraltar, Middle 
Bass, South Bass. 

A.	 trifasciata (Forskal). Uncommon; on herbaceous vegeta
tion in fields. Gibraltar, Kelleys, Middle, North Bass, 
South Bass. 

Cyclosa turbinata (Walckenaer). Rare; swept from vegetation 
in thin woods. Pelee, Rattlesnake. 

Eustala cepina (Walckenaer). Common; on shrubs, trees and 
low plants. Ballast, Gibraltar, Green, Kelleys, Middle 
Bass, Pelee, South Bass. 

Gea heptagon (Hentz). Rare; swept from herbaceous vegeta
tion in most field. South Bass. 

Glenognatha foxi (McCook). Uncommon; swept from vegeta
tion, under rocks, among grass. Gibraltar, Rattlesnake. 

Hypsosinga rubens (Hentz). Moderately common; on herba
ceous vegetation in woods. Green?, Pelee, South Bass. 

Larinia sp. Uncommon; swept from tall grass near pond. 
South Bass. 

Leucauge venusta (Walckenaer). Moderately common; on low 
vegetation in and at edges of woods. Gibraltar, Green, 
Middle Bass, Mouse, North Bass, Pelee, South Bass. 

Mangora gibberosa (Hentz). Uncommon; on herbs and low 
shrubs in fields. Gibraltar, Kelleys, Rattlesnake, South 
Bass. 

M. maculata (Keyserling). Abundant; on low vegetation in 
woods. Gibraltar, Green, Middle, Middle Bass, Pelee, 
South Bass, West Sister. 

Meta menardii (Latreille). Common in caves. Green, South 
Bass (Duffs Cave). 

Metepeira labyrinthea (Hentz). Common; on shrubs and trees, 
mostly in woods. Gibraltar, Green, Kelleys, Middle Bass, 
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North Bass, Pelee, Rattlesnake, South Bass, Sugar, West 
Sister. 

Micrathena gracilis (Walckenaer). Uncommon; on shrubs and 
trees in woods. Gibraltar, Kelleys, Middle, Pelee, South 
Bass. 

M. sagittata (Walckenaer). Rare; on herbs and low shrubs in 
woods. Kelleys. 

Neoscona arabesca (Walckenaer). Common; on vegetation in 
woods and open areas. Gibraltar, Green, Kelleys, Middle, 
North Bass, Pelee, South Bass, West Sister. 

N. pratensis (Hentz). Rare; on herbaceous vegetation in

fields. Kelleys, North Bass.


Nuctenea cornuta (Clerk). Abundant; on buildings, under 
rocks and logs, on herbs and shrubs in open areas and 
woods. Ballast, Big Chicken, East Sister, Gibraltar, Green, 
Hen, Kelleys, Lost Ballast, Middle, Middle Bass, Middle 
Sister, Mouse, North Bass, North Harbor, Pelee, E. Rattle, 
W. Rattle, Rattlesnake, South Bass, Starve, West Sister. 

N. patagiata (Clerck). Common; on buildings, on tree trunks 
and cliffs, under rocks and logs. Ballast, Gibraltar, Green, 
Middle, North Bass, Pelee, W. Rattle, Rattlesnake, South 
Bass, Starve. 

N. sclopetaria (Clerk). Abundant; on buildings and cliffs, oc
casional on trees. Ballast, Gibraltar, Middle, North Bass, 
Pelee, Rattlesnake, South Bass. 

Pachygnatha dorothea McCook. Rare; under rocks, etc. Kel
leys, North Bass. 

P. tristriata C.L. Koch. Uncommon; on ground. Gibraltar,

South Bass.


Tetragnatha caudata Emerton. Uncommon; in tall vegetation, 
usually in moist areas. Kellys, Middle Bass, Pelee, Rattles
nake, South Bass. 

T. elongata Walckenaer. Rare; tall herbaceous vegetation.

Gibraltar.


T. guatemalensis O.P.-Cambridge. Abundant; on trees, build
ings, cliffs, low vegetation. Ballast, East Sister, Gibraltar, 
Green, Hen, Kelleys, Lost Ballast?, Middle, Middle Bass, 
North Bass, Pelee, E. Rattle, Rattlesnake, South Bass, 
Sugar, West Sister. 

T. laboriosa Hentz. Abundant; in herbaceous vegetation and 
shrubs everywhere. Ballast, Gibraltar, Green, Hen, Kel
leys, Middle, Middle Bass, Middle Sister, Mouse, North 
Bass, North Harbor, Pelee, Rattlesnake, South Bass, 
Sugar, West Sister. 

T. pallescens F.O.P.-Cambridge. Uncommon; in tall herba

ceous vegetation. Gibraltar, Pelee, Rattlesnake.


Tetragnatha shoshone Levi. Uncommon; on vegetation. Gibral
tar, Pelee, Mouse, Middle Sister. 

T. straminea Emerton. Uncommon; on herbs and shrubs. Pe
lee, South Bass. 

T. versicolor Walckenaer. Abundant; on shrubs, low vegeta
tion, buildings, cliffs. Ballast, East Sister, Gibraltar, Green, 
Hen, Kelleys, Middle, Middle Bass, Pelee, Rattlesnake, 
South Bass, Sugar, West Sister. 
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Mimetidae 
Mimetus q>eiroides Emerton. Moderately common, on juni

pers. Gibraltar. 

M. nelsoni Archer. Rare; on herbaceous vegetation in woods. 
Gibraltar, South Bass. 

M. puritanus Chamberlin. Common; on vegetation in woods, 
on buildings. Gibraltar, Kelleys, Middle Bass, North Bass, 
South Bass. 

M. interfector Hentz. Rare; on shrubs and trees. South Bass. 

Agelenidae 
Agelenopsis naevia (Walckenaer). Rare; on ground under ob

jects, or among grass. Kelleys, Middle Bass. 
A.	 pennsylvanica (C.L. Koch). Abundant; on ground and low 

vegetation, on buildings, under rocks and boards. Big 
Chicken, Gibraltar, Green, Hen, Kelleys, Lost Ballast, 
Middle, Middle Bass, North Bass, North Harbor, Pelee, E. 
Rattle, W. Rattle, Rattlesnake, South Bass, Starve, West 
Sister. 

Cicurina arcuata Keyserling. Rare; under rocks and logs in 
moist woods. Gibraltar, North Bass, Pelee, South Bass. 

C. brevis (Emerton). Uncommon; under rocks and logs in

moist places. Ballast, Gibraltar, Green, Kelleys, Middle

Bass, Mouse, South Bass, Sugar, West Sister.


C. pallida Keyserling. Rare; under rocks and logs in moist

places. Gibraltar?, South Bass.


Coras lamellosus (Keyserling). Common; under rocks and 
logs, in buildings. Gibraltar, Green, Kelleys, Lost Ballast, 
Middle, Middle Bass, Middle Sister, Mouse?, North Bass, 
North Harbor, Pelee, Rattlesnake, South Bass, West 
Sister. 

C. medicinalis (Hentz). Rare; under rocks and logs. South

Bass.


Tegenaria domestica (Clerck). Moderately common; under 
boards and trash, and in or around buildings. Gibraltar, 
Green, Kelleys, North Bass, Pelee. 

Wadotes calcaratus (Keyserling). Rare; under logs, etc., in 
moist woods. South Bass. 

Hahniidae 
Hahnia cinerea Emerton. Rare; under rocks and logs. Gibral

tar?, Pelee. 
Neoantistea agilis (Keyserling). Common; on ground among 

grass, behind loose rocks on cliffs. Gibraltar, Middle Bass, 
South Bass. 

Pisauridae 
Dolomedes tenebrosus Hentz. Common; on walls of buildings, 

tree trunks, under logs and trash, usually in or near 
woods. Ballast, East Sister, Gibraltar, Green, Hen, Kel
leys, Middle, Middle Bass, Mouse, North Bass, Pelee, Rat
tlesnake, South Bass, West Sister. 

D. triton (Walckenaer). Rare; at edges of ponds and marshes. 
Kelleys, Middle, Bass, North Bass. 

Lycosidae 
Allocosa funerea (Hentz). Rare; running on ground, or in rot

ten logs, usually in woods. South Bass. 

Insular Patterns: Plant and Invertebrates 

Arctosa littoralis (Hentz). Moderately common, on sandy 
beaches. Pelee. 

Geolycosa missouriensis (Banks). Rare; in burrows in sandy 
areas. Pelee. 

Lycosa gulosa Walckenaer. Rare; on ground in woods. East 
Sister. 

L. helluo Walckenaer. Moderately common; under logs and 
stones, or running in open at night. Ballast, Gibraltar, Kel
leys, Middle Bass, North Bass, Rattlesnake, South Bass, 
Starve. 

L. rabida Walckenaer. Uncommon in densely grown up 
fields; occasional elsewhere. Gibraltar, Green, Middle, 
South Bass. 

Pardosa lapidicina Emerton. Common to abundant; on stony 
beaches. East Sister, Gibraltar, Green, Kelleys, Middle, 
Middle Bass, Mouse, North Bass, North Harbor, Rattles
nake, South Bass, Starve, Sugar, West Sister. 

P. milvina (Hentz). Uncommon; on ground in open areas. 
Gibraltar, Green, Kelleys, Middle Bass, North Bass, South 
Bass. 

Virata aspirans Chamb. Moderately common; on ground in 
quarries and fields. Green, Kelleys, Middle Bass, South 
Bass. 

P. insularis Emerton. Uncommon; running on ground near 
water. Middle Bass, North Bass, Pelee. 

P. sedentarius Mont. Moderately common; on ground in

quarries near water. Kelleys.


P. minutus Emerton. Uncommon; on ground under objects 
or among grass. Gibraltar, Middle Bass, South Bass. 

P. piraticus (Olivier). Uncommon; on ground near ponds or 
marshes. Middle Bass, North Bass, South Bass. 

Schizocosa avida (Walckenaer). Moderately common; on

ground in open areas, under rocks or boards in daytime.

Gibraltar, Kelleys, South Bass.


S. ocreata (Hentz). Common on ground in woods or at edges 
of beaches. Kelleys, Middle, Pelee, South Bass, West 
Sister. 

Trochosa terricola Thorell. Uncommon; on ground in fields 
and open areas. Gibraltar, Green, South Bass, 

lycosid unidentified. Rare. Middle Bass, Sugar. 

Oxyopidae 
Oxyopes salticus Hentz. Rare; on herbaceous vegetation in 

fields. South Bass. 

Gnaphosidae 
Cesonia bilineata (Hentz). Moderately common; under boards 

and rocks; on stony beaches, on vegetation near water. 
Big Chicken, East Sister, Gibraltar, Kelleys, Middle Bass, 
Pelee. 

Drassylus depressus (Emerton). Rare; under rocks and logs. 
Gibraltar?, Green, Kelleys. 

Gnaphosa parvula Banks. Rare; under objects on ground. Mid
dle Bass, Pelee? 

Herpyllus ecclesiasticus (Hentz). Common; under rocks and 
logs, under tree bark, on buildings and tree trunks. Big 
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Chicken, Gibraltar, Green, Middle, Middle Bass, Pelee,

South Bass, West Sister.


Micaria sp. Rare; under rocks in quarry. Kelleys.


Sergiolus capulatus (Walckenaer). Rare; under log. Middle 
Bass. 

S. montanus (Emerton). Uncommon; under rocks and logs, 
on buildings. Gibraltar, South Bass. 

S. ocellatus (Walckenaer). Rare; on ground. Gibraltar, Kel
leys, Pelee. 

Sosticus insularis (Banks). Rare; in woodpile, under log. Gi
braltar, Green. 

Zelotes fratris Chamberlin. Rare; on ground. Kelleys. 
Z. hentzi Barrows. Uncommon; under rocks and logs. Gibral

tar, Kelleys, North Bass, Pelee, South Bass. 

Clubionidae 
Castianeira variata Gertsch. Rare; on ground in open areas. 

Pelee?, South Bass. 
Clubiona abbotii L. Koch. Moderately common; on vegetation 

in woods, under rocks, on buildings. Gibraltar, Green, 
Middle Bass, North Bass, Pelee, E. Rattle, Rattlesnake, 
South Bass. 

C. excepta L. Koch. Common; on vegetation, under rocks 
and boards, on buildings. Ballast, East Sister, Gibraltar, 
Green, Lost Ballast, Middle, Middle Bass, Middle Sister, 
North Bass, North Harbor, W. Rattle, South Bass, Starve, 
West Sister. 

C. maritima L. Koch. Rare; on vegetation at margins of ponds 
and in marshes. Middle Bass, North Bass. 

C. mixta Emerton. Rare; on vegetation in woods; South Bass. 
C. obesa Hentz. Moderately common; on herbs and low


shrubs in woods. Kelleys, Middle Bass, South Bass.


Phrurotimpus borealis (Emerton). Uncommon; under rocks, 
logs, debris. Gibraltar, Hen, Middle Bass, Pelee, South 
Bass, West Sister. 

IScotinella britcheri (Petrunkevitch). Rare; under rocks in 
quarry. Kelleys. 

S. redempta (Gertsch). Rare; under rocks. Gibraltar, Middle 
Sister, North Bass. 

Trachelas tranquillus (Hentz). Rare; on vegetation in woods, 
on buildings. North Bass, Pelee, South Bass. 

Anyphaenidae 
Anyphaena pectorosa L. Koch. Uncommon; on herbs and low 

shrubs in woods. South Bass. 
Oxysoma cubana Banks. Rare; on vegetation near edges of 

ponds and marshes. North Bass, South Bass. 
Wulfila saltabunda (Hentz). Rare; on vegetation in woods or 

shrubby fields. Kelleys, Middle Bass, South Bass. 

Thomisidae 
Coriarachne versicolor Keyserling. Uncommon; under tree 

bark, in crevices on tree trunks and buildings. Gibraltar, 
Green. 

Ebo sp. Rare; on herbaceous vegetation in fields. South Bass. 
Misumenoides aleatorius (Hentz). Common; on herbaceous 

vegetation in fields. Kelleys, Middle Bass, South Bass. 
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Misumenops asperatus (Hentz). Uncommon; on vegetation in 
fields. Kelleys, Middle Bass, South Bass. 

M. oblongus (Keyserling). Common; on vegetation in fields 
and open areas. East Sister, Gibraltar, Green, Kelleys, 
Middle Bass, North Bass, Pelee, Rattlesnake, South Bass. 

Oxyptila americana Banks. Uncommon; under rocks and logs. 
Big Chicken, Middle Bass. 

O. monroensis Keyserling. Uncommon; under rocks and logs. 
Gibraltar, Pelee, South Bass. 

Philodromus cespitum (Walckenaer). Abundant; on herba
ceous vegetation, shrubs, trees, buildings. East Sister, Gi
braltar, Green, Kelleys, Middle?, Middle Bass, North 
Bass, Pelee, South Bass, Sugar, West Sister. 

P. imbecillus Keyserling. Rare; on herbaceous vegetation.

South Bass.


P. infuscatus Keyserling. Rare; on herbaceous vegetation.

Gibraltar.


P. marxii Keyserling. Uncommon; on herbaceous vegetation. 
South Bass. 

P. placidus Banks. Common; on herbaceous vegetation, 
shrubs, trees. Gibraltar, Green, Kelleys, Middle Bass, Pe
lee, South Bass, West Sister. 

?P. praelustris Keyserling. Rare; on shrubs. South Bass. 
P. vulgaris (Hentz). Uncommon; on vegetation and build


ings, under rocks. Gibraltar, Green, Middle Bass, South

Bass.


Synema parvula (Hentz). Common; on herbaceous vegetation 
and low shrubs in woods. Gibraltar, Green, Kelleys, Mid
dle Bass, South Bass. 

Tibellus maritimus (Menge). Rare; on vegetation. South Bass. 
T. oblongus (Walckenaer). Moderately common; tall herba

ceous vegetation in fields, on buildings. Gibraltar, Kel
leys, Middle Bass, North Bass, Pelee, South Bass. 

Xysticus auctificus Keyserling. Uncommon; on vegetation or 
ground. Gibraltar, South Bass. 

X. ferox (Hentz). Moderately common; on vegetation or

ground. Ballast, Gibraltar, Kelleys, Middle Bass, Pelee,

South Bass.


X. fraternus Banks. Rare; on vegetation or ground. South

Bass.


X. triguttatus Keyserling. Uncommon; on vegetation or

ground. Gibraltar, Kelleys, Pelee, South Bass.


Salticidae 
Admestina tibialis (C.L. Koch). Rare; on vegetation. Gibraltar. 
En's marginatus (Walckenaer). Moderately common; on vege

tation in woods. Gibraltar, Green, Kelleys, Middle Bass, 
North Bass, Pelee, South Bass. 

Habrocestum pulex (Hentz). Common; on tree trunks, cliffs, 
ground. East Sister, Gibraltar, Green, Kelleys, Lost Bal
last, Middle Bass, North Bass, Pelee, Rattlesnake, South 
Bass, West Sister. 

Hentzia mitrata (Hentz). Common; on vegetation in fields 
and woods. Gibraltar, Kelleys, Middle?, Mouse, Pelee, 
South Bass. 

Hentzia palmarum (Hentz). Uncommon; on vegetation in 
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fields and woods. Gibraltar, Middle Bass, Rattlesnake, 
South Bass. 

Maevia inclemens (Walckenaer). Rare; on ground in woods. 
South Bass. 

Marpissa lineata (C.L. Koch). Uncommon; on ground, under 
rocks, in woods or in open. Gibraltar, Green?, Kelleys. 

M. pikei (Peckham). Moderately common; on vegetation in 
fields. Kelleys, South Bass. 

Metacyrba undata (DeGeer). Abundant; on buildings, cliffs, 
tree trunks, under bark of trees. Ballast, Gibraltar, Green, 
Kelleys, Middle, Middle Bass, Mouse, North Bass, North 
Harbor, Pelee, Rattlesnake, South Bass. 

Metaphidippus canadensis (Banks). Uncommon; under rocks 
and bark, among grass. Gibraltar, Kelleys, North Bass, 
South Bass. 

M. galathea (Walckenaer). Moderately common; on vegeta
tion in fields. Kelleys, Middle Bass, North Bass, Pelee?, 
South Bass. 

Neon nellii Peckham and Peckham. Rare; in ground litter. Gi
braltar, South Bass. 

Peckhamia picata (Hentz). Rare; on vegetation in fields. South 
Bass. 

Pellenes borealis (Banks). Uncommon; on ground. Kelleys, Pe
lee, South Bass. 

P. decorus (Blackwall). Uncommon; on ground among grass. 
Gibraltar. 

P. rutherfordi (Gertsch and Mulaik). Rare; on ground in open. 
Gibraltar. 

Phidippus audax (Hentz). Uncommon; wandering in a variety 
of situations. Gibraltar, Kelleys, Middle Bass, Rattlesnake. 

P. clarus Keyserling. Uncommon; on vegetation in fields.

Kelleys?, Middle Bass?, South Bass, Pelee.


Salticus scenicus (Linnaeus). Abundant; on tree trunks, build
ings, rocks, cliffs. Ballast, Gibraltar, Hen, Kelleys, Middle, 
North Bass, North Harbor, Pelee, Rattlesnake, South 
Bass, Starve. 

Sitticus palustris (Peckham). Rare; on ground in moist places. 
Gibraltar, Pelee. 

Synageles noxiosa (Hentz). Rare; on vegetation in fields and 
open areas. Gibraltar, Kelleys, Pelee, Rattlesnake, South 
Bass. 

Synemosyna formica Hentz. Uncommon; on vegetation in 
woods and shrubby fields. Gibraltar, Kelleys, South Bass. 

Talavera minuta (Banks). Rare; on ground among grass. 
Gibraltar. 

Tutelina elegans (Hentz). Uncommon; on vegetation in fields. 
Kelleys, South Bass. 

T. hartii Emerton. Uncommon; on vegetation in fields, in

crevices and under bark on tree trunks. Gibraltar, North

Bass, South Bass.


Zygoballus nervosus (Peckham). Rare. South Bass. 
Z. rufipes Peckham. Abundant; on low vegetation in woods. 

Gibraltar, South Bass. 

Insular Patterns: Plant and Invertebrates 

Dictynidae 
Argenpa obesa Emerton. Rare; under rocks and logs. Starve. 

Dictyna annulipes (Blackwall). Common; on vegetation and 
buildings. Ballast, Gibraltar, Hen, Kelleys, North Harbor, 
Pelee, South Bass, West Sister. 

D. bellans Chamberlin. Abundant; on vegetation in open, 
under rocks. Gibraltar, Kelleys, North Bass, Pelee, Rattles
nake, South Bass, West Sister. 

D. bicornis Emerton. Rare. Pelee. 
D. bostoniensis Emerton. Common; on junipers, Virginia 

creeper and other plants in open. Gibraltar, Kelleys, 
Pelee. 

D. cruciata Emerton. Abundant; on vegetation in woods and 
shrubby fields. Ballast, Gibraltar, Green, Hen, Middle, 
Middle Bass, Middle Sister, Mouse, North Bass, Pelee, 
Rattlesnake, South Bass, Sugar, West Sister. 

D. decaprini Kaston. Rare; under tree bark. Gibraltar. 
D. foliacea (Hentz). Common; on vegetation in fields. Gibral

tar, Kelleys, Middle, North Bass, Pelee, South Bass. 
D. hentzi Kaston. Uncommon; on vegetation. Middle Bass, 

North Bass, Rattlesnake, South Bass. 
D. minuta Emerton. Moderately common; on vegetation in 

fields, under rocks, on ground among grass. East Sister, 
Gibraltar, Lost Ballast, North Bass, North Harbor, Pelee, 
Rattlesnake, South Bass, Starve. 

D. sublata (Hentz). Abundant; on low vegetation in woods 
and shrubby fields. East Sister, Gibraltar, Green, Kelleys, 
Middle Bass, North Bass, Pelee, Rattlesnake, South Bass, 
West Sister. 

Lathysfoxii (Marx). Fairly common; under rocks. Gibraltar. 

Amaurobiidae 
Amaurobius bennetti (Balckwall). Abundant; under rocks, 

logs, trash. Ballast, East Sister, Gibraltar, Green, Hen, 
Lost Ballast, Middle, Middle Bass, Middle Sister, Mouse, 
North Bass, North Harbor, W. Rattle, Rattlesnake, South 
Bass, West Sister. 

A. ferox (Walckenaer). Moderately common; under rocks, 
logs, trash, in buildings. Gibraltar, Kelleys, Pelee, South 
Bass. 

Uloboridae 
Hyptiotes cavatus (Hentz). Rare; on lower branches (usually 

dead) of trees and shrubs in woods. South Bass. 

Total spider taxa recorded: 22 families, 123 genera, 232 species. 
Islands intensively sampled: Gibraltar, South Bass. 
Islands moderately well sampled: Big Chicken, Green, Kelleys, 

Lost Ballast, Middle Bass, North Bass, Pelee, rattles of Rat
tlesnake, Starve. 

Islands poorly sampled: Ballast, East Sister, Hen, Middle, Mid
dle Sister, Mouse, North Harbor, Rattlesnake, Sugar, 
West Sister. 

Islands not sampled: Chick, Little Chicken. 



Appendix B 

Familial distribution of the Lake Erie island spiders 

Family 

Atypidae 
Dysderidae 
Segestriidae 
Pholcidae 
Theridiidae 
Nesticidae 
Linyphiidae 
Araneidae 
Mimetidae 
Agelenidae 
Hahniidae 

No. genera No. specks

1 1 
1 1 
1 1 
2 2 

10 28 
1 1 

20 40 
29 34 

1 4 
5 9 
2 2 

Family 

Lycosidae 
Pisauridae 
Oxyopidae 

No. genera No. species 

8 17 
1 2 

Gnaphosidae 
Clubionidae 
Anyphaenidae 
Thomisidae 
Salticidae 
Dictynidae 
Amaurobiidae 
Uloboridae 

1 1 
9 12 
5 10 
3 3 
9 21 

19 27 
3 12 
1 2 
1 1 

Appendix C 

Number of spider species now known from each island 

South Bass 
Gibraltar 
Pelee 
Kelleys 
Middle Bass 
North Bass 
Green 
Rattlesnake 
West Sister 
Middle 
Ballast 

162 
152 
91 
89 
73 
65 
54 
43 
35 
33 
25 

East Sister 
Hen 
Mouse 
Starve 
North Harbor 
Sugar 
Lost Ballast 
Middle Sister 
Big Chicken 
W. Rattle 
E. Rattle 

20 
19 
19 
14 
13 
13 
12 
12 
6 
6 
5 
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12 Biogeography of Reptiles on Islands in Lake Erie 

RICHARD B. KING 

Species distributions on islands are often interpreted in 
terms of the equilibrium theory of island biogeography 
(MacArthur and Wilson 1967). According to this theory, 
both island area and distance to the mainland should in
fluence species number. In particular, extinction rates 
should be inversely proportional to island area and colo
nization rates should be inversely proportional to dis
tance to the mainland. However, recently formed 
islands may not be in species number equilibrium and, 
depending on their mode of origin, may be dominated 
either by extinction or colonization processes. Islands 
separated from mainland areas by rising water levels 
(land-bridge islands) are expected to approach equilib
rium species number from a supersaturated state pri
marily through extinction. Islands formed by subsiding 
water levels or by tectonic processes (oceanic islands) 
are expected to approach equilibrium species number 
from a depauperate state primarily through coloniza
tion. Under equilibrium theory, species are assumed to 
be identical with respect to colonization and extinction. 
Alternatively, variation in colonization and extinction 
probabilities among species may largely determine is
land distributions. If this is the case, species number 
may still correlate with island area and distance to the 
mainland, but species identities will be deterministic 
rather than random. 

Islands in Lake Erie are land-bridge islands isolated 
by rising lake levels about 4,000 years before present 
(Y.B.P) (Lewis 1969; Forsyth, 1973, 1987). If these islands 
are in equilibrium, species number should be pos
itively correlated with island size and negatively corre
lated with distance to the mainland. If equilibrium has 
not yet been reached, species number should still be 
correlated with island size but not with distance to the 
mainland. Evidence for such a nonequilibrium state has 
been presented by Wilcox (1978) and Case (1983) using 
data on lizards from islands off Baja California. In age, 
size, and distance to the mainland, Baja islands are 
roughly similar to islands in Lake Erie. 

Here, I use data on reptiles from islands in Lake Erie 
to determine if species number correlates with island 
area and distance to the mainland as expected from 
equilibrium theory or if there is evidence that species 
numbers are still approaching equilibrium from a super
saturated state. Reptile distributions on islands else
where in the Great Lakes (Lake Michigan, Georgian 
Bay) are used to corroborate these results and to test fur
ther whether distributions are random among species or 
are correlated with species-specific colonization and ex
tinction probabilities. Many islands in the upper Great 
Lakes were part of the mainland during the low-level 
Lake Stanley stage about 10,000 Y.B.P. (Lewis 1969) and 
became isolated by rising lake levels. However, in con
trast to Lake Erie, waters in the upper Great Lakes rose 
to about 8 m above current lake levels leaving low-lying 
islands completely under water until levels subsided 
2,500-4,000 Y.B.P. Thus, high islands were formerly con
nected to the mainland and are land-bridge islands 
while low islands formed in place and are referred to 
here as oceanic in origin. If these islands are still ap
proaching equilibrium species number, then (1) land-
bridge islands should have more species than compar
ably sized oceanic islands; (2) species number should be 
more highly correlated with distance to the mainland on 
oceanic islands than on land-bridge islands; and (3) pat
terns observed on islands in Lake Erie should be more 
similar to those observed on land-bridge islands than on 
oceanic islands in the upper Great Lakes. Moreover, the 
occurrence of species on oceanic islands provides direct 
evidence of their colonizing ability. Thus, patterns of 
distribution on oceanic and land-bridge islands also can 
be used to test if colonization and extinction appear ran
dom or deterministic among species. 

Materials and Methods 

Islands in western Lake Erie range in size from small 
rocky shoals which barely extend above the water to rel
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Monroe Co.

Michigan


Fig. 12.1. Western Lake 
Erie showing the nine is
lands included in this 
study. 

atively large well-drained islands encompassing as 
much as 4,000 ha. They provide a variety of shoreline, 
marsh, and forest habitats. However, human settlement 
has brought considerable changes to the islands and 
large areas have been cleared, drained, or quarried. The 
nine islands used in this study include the five largest 
islands in western Lake Erie (Pelee, Kellys, South Bass, 
Middle Bass, North Bass), three of the smaller islands 
(East Sister, West Sister, and Middle Island), and one is
land in Sandusky Bay (Johnsons Island) (fig. 1). 

Data on reptile species distributions on islands in 
Lake Erie come from published records (Jones 1912; 
Conant and Clay 1937; Conant 1951,1965; Langlois 
1951, 1953,1964; Logier and Toner 1961; Kraus and 
Schuett 1982; Oldham 1983), from a survey of speci
mens in the F. T. Stone Laboratory collection, and from 
field work I conducted between 1979 and 1984.1 visited 
the islands repeatedly during the study and suitable ter
restrial and aquatic habitats were searched for reptiles. 
Most reptiles were identified in hand using field guide 
descriptions (Conant 1975; Behler and King 1979) but 

occasionally basking individuals (mostly turtles) were 
identified without capture. Species were considered to 
be in the mainland species pool if they had been re
corded in Lucus, Ottawa, Erie, or Sandusky counties in 
Ohio or in Essex or Kent counties in Ontario (Conant 
1951; Logier and Toner 1961; Cook 1984). Island areas 
and distances to the nearest mainland point were taken 
from Core (1948) or calculated from lake charts. The 
sample of islands used in this analysis includes the full 
range of distances (1-20 km) and all but the smallest 
sizes (20-4,000 ha) found among the islands in western 
Lake Erie. Within this sample, island area and distance 
to the mainland are uncorrelated (r = 0.03, p = 0.47). 

Data on reptile distributions were obtained for 
twenty-four islands in the upper Great Lakes (fig. 2), in
cluding islands in Lake Michigan (Hatt et al. 1948; Phil
lips et al. 1965; Scharf 1973; Long and Long 1976; Long 
et al. 1978; Heinz et al. 1980) and Georgian Bay (Schue
ler 1984; pers. comm.). Island areas, distances to the 
mainland, and elevations were obtained from these 
sources or were determined from lake charts and topo
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Fig. 12.2. Species-area relationship of reptiles on islands in west
ern Lake Erie (log-log plot). 

graphic maps. Islands less than 8 m above current lake 
levels were classified as oceanic, islands more than 20 m 
above current lake levels were classified as land-bridge. 
Eleven oceanic and thirteen land-bridge islands were 
identified in this way. Several islands of intermediate el
evation were excluded. Island size and distance to the 
mainland are uncorrelated for both oceanic islands (r = 
-0.12, p = 0.36) and land-bridge islands (r = 0.13, p = 
0.34). 

The relationship of species number to island area and 
to distance to the mainland was determined using par
tial correlation. In addition, the power function model 
typically used to relate species number and island area 
was fit using least-squares regression on log transforms 
of these variables. It should be noted that the values of 
z, the exponent of the power function, obtained in this 
way differ from those obtained using nonlinear fitting 
techniques (Wright 1981) but are still useful in compar
ing sets of islands as described below. 

Results 
A total of 25 reptile species (8 turtles, 1 lizard, and 16 
snakes) was found in the mainland species pool sur
rounding Lake Erie. Of these, 17 species (5 turtles and 
12 snakes) occurred on at least one of the islands sur
veyed. The number of reptile species on individual is
lands ranged from 3 to 14 (table 1). Partial correlation 
analysis revealed a significant positive relationship be
tween species number and island area while controlling 
for distance to the mainland (coefficient of partial corre
lation = 0.84, p — 0.004). The relationship between log 
species number and log area appeared linear (fig. 3). 
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The value of the exponent of the power function, z = 
0.25, fell within the range observed for reptiles on archi
pelagos elsewhere (Conner and McCoy 1979; Wright 
1981). 

Species number showed no simple correlation with 
distance to the mainland (r2 = 0.10, p = 0.20) (fig. 4). 
Using partial correlation to remove the effect of island 
area, the relationship between species number and dis
tance to the mainland approached significance (coeffi
cient of partial correlation = -0.56, p = 0.07). 

Several species previously reported from some is
lands in Lake Erie were not observed at those sites in 
this study (table 1) and may represent extinctions occur
ring in this century. While these extinctions could be the 
result of natural processes, they also may be due to hu
man activities on the islands. Shoreline development, 
wetland reclamation, quarrying, and agricultural prac
tices have reduced suitable reptile habitat and effec
tively decreased island area. Restricting analysis to 
current species distributions had no qualitative effect on 
the trends described above: there was a significant posi
tive correlation between log species number and log is
land area (r2 = 0.62, p = 0.006) and species number and 
distance to the mainland were uncorrelated after con
trolling for island area (coefficient of partial correlation 
= - 0.57, p = 0.07). The exponent of the power func
tion relating species number and island area equaled 
0.20 when only species observed in this study were 
included. 

Recent colonizations have also apparently taken place 
on the Lake Erie islands. The queen snake, Regina sep
temvittata, was not recorded from Kellys Island prior to 
1980 but several individuals have since been found 
there. This species feeds exclusively on crayfish (Godley 
et al. 1984) and high densities of these prey were found 
in ponds formed in abandoned quarries on that island 
(pers. obs.). Prior to quarrying, sufficient prey may not 
have existed to support queen snake populations. 

Published records of reptile species on Johnsons Is
land are not available to determine if queen snakes were 
recent colonists there as well, but again, quarrying oper
ations have apparently provided suitable habitat for this 
snake and its prey. 

The ringneck snake, Diadophis punctatus, was not 
known from Middle Bass Island prior to a single indi
vidual found there in 1984. This may be a recent colonist 
from neighboring South Bass Island, the only other 
Lake Erie island from which this species is known. 
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Table 12.1 Area, Distance to the Mainland, and Occurrence of Reptile Species on Islands in 
Lake Erie 

Island 
P K SB MB NB WS / ES M 

Area (hectares) 4091 1169 673 300 282 28 27 26 21 

Distance (km) 13.5 5.1 4.5 9.5 13.3 13.4 1.1 19.1 15.6 

CHELYDRA 
Chelydra serpentina X o X 
Graptemus geographica o 
Chrysemys picta 

Emydoidea blandingi 

Trionyx spiniferus 

SERPENTES 

* 
*X 

o 

X X X 
X X 

Nerodia sipedon X X X X X o 
Regina septemvittata * 

Tkamnophis sirtalis X X X X X 
Storeria dekayi X X X X 
Heterodon platyrhinos Xo o 

X *Diadophis punctatus 

Coluber constrictor X X X X 
Elaphe vulpina X X X X X 
Elaphe obsoleta 

Lampropeltis triangulum 

Crotalus horridus 

Sistrurus cantenatus 

o

o 

o
o 
o
o 

Species found in adjacent mainland areas but absent from all islands include 3 turtles (Clemmys gutata, Sternotherus 
odoratus, Terrapene Carolina), 1 lizard (Eumeces fasciatus), and 4 snakes (Clonophis kirtlandi, Thamnophis butleri, Thamnophis 
sauritus, Opheodrys vernalis). 

Symbols used are: X = species listed in published reports and found by me, O = species listed in published reports 
but not found by me, * = species reported here for the first time. 

Island abbreviations are: P, Pelee; K, Kellys; SB, South Bass; MB, Middle Bass; NB, North Bass; WS, West Sister; J, 
Johnsons; ES, East Sister; M, Middle. 

However, the possibility that either of these species can be attributed in part to differences in the mainland 
were introduced by humans (intentionally or inadvert- species pool. A total of 25 species occurred in the Lake 
ently) remains. Erie area while 18 or fewer species occurred in mainland 

Box turtles, Terrapene Carolina, have recently been re- areas adjacent to islands in the upper Great Lakes. 
ported from Pelee Island and Point Pelee, Ontario Within the upper Great Lakes, land-bridge islands had 
(Cook 1984). However, Cook (1984) suggests that these higher species numbers than oceanic islands (table 2). 
sightings are probably of escaped or released pets and However, land-bridge islands were typically larger than 
for this reason this species was not included in the anal- oceanic islands and within the range of island sizes they 
ysis above. have in common, species numbers were more similar. 

Islands in the upper Great Lakes typically had fewer Further no land-bridge islands were totally without rep-
reptile species than those in Lake Erie (tables 2, 3). This tiles while six oceanic islands were. While one island 



C H A P T E  R 12 Biogeography of Reptiles on Lake Erie Islands 129 

1.0 2.0 3.0 

L O G I S L A N D A R E A (ho) 

Fig. 12.3. Relationship between reptile species number and dis
tance to the mainland for nine islands in Lake Erie. 

lacking reptiles was quite small (11 ha), the others, simi
lar in size to land-bridge islands, were inhabited by as 
many as four species (table 3). 

On both oceanic and land-bridge islands in the upper 
Great Lakes, reptile species number was correlated with 
island area (fig. 5). For oceanic islands the partial corre
lation of species number with island area controlling for 
distance to the mainland was 0.76 (p = 0.004). For land-
bridge islands this value was 0.62 (p = 0.02). For 
oceanic islands the exponent of the power function re
lating species number and island area, z = 0.24 (signifi
cance = 0.02). However, for land-bridge islands, this 
value was not significantly different from 0 (z = 0.07, 
significance = 0.18). For both oceanic and land-bridge 
islands in the upper Great Lakes, the partial correlation 
of species number with distance to the mainland con
trolling for island area was nonsignificant: coefficient of 
partial correlation = -0.20 (p = 0.29) and -0.44(p = 
0.08), respectively (fig. 6). 

Distribution patterns on oceanic and land-bridge 
islands provide a direct means of assessing species-spe
cific differences in colonization and extinction probabili
ties. The colonizing ability of some species is attested to 
by their presence on oceanic islands in the upper Great 
Lakes (table 4). Seven species thus identified have ap
parently crossed aquatic barriers of 1 to 14 km. Five of 
these were widespread on the Lake Erie islands. A con
gener of Storeria occipitomaculata (S. dekayi) was also 
widespread on the Lake Erie islands. The seventh spe

s . , 

D I S T A N C E T O M A I N L A N D ( k m ) 

Fig. 12.4. The Great Lakes showing island areas in Lake Erie, 
Lake Michigan, and Georgian Bay. 

cies, Sistrurus catenatus, was formerly found on a single 
island in Lake Erie. Together, these seven species ac
count for 62% of the island reptile populations in Lake 
Erie. Thus, one reason the correlation between species 
number and distance to the mainland was not stronger 
on land-bridge islands in Lake Erie may be that many of 
the species most likely to reach these islands were al
ready widely distributed. Species not found on oceanic 
islands did occur on land-bridge islands but were usu
ally less widely distributed. In Lake Erie these species 
were restricted to five or fewer islands. 

Probability of extinction also appeared to be variable 
among species. This can be seen from a rank order inci
dence matrix (Murphy 1983) where columns represent 
islands ranked by species number and rows represent 
species ranked by incidence frequency. Clustering in 
such a matrix is indicative of nonrandom extinction and 
was readily evident using data from Lake Erie (table 5). 
Recent extinctions (within this century) are also shown 
in this matrix. These also appeared nonrandom, and oc
curred mostly to species found on few islands. Few ex
tinctions were recorded for those species known to 
colonize islands. 

Discussion 

Reptile species numbers on islands in Lake Erie do ex
hibit a positive relationship with island area as expected 
under the equilibrium theory of island biogeography. In 



Table 12.2 Ranges of Reptile Species Numbers, Island Areas, and 
Distances to the Mainland for Oceanic and Land-bridge Islands in the 
Upper Great Lakes and Land-bridge Islands in Lake Erie 

Upper Great Lakes 
Oceanic Islands 
Land-bridge Islands 

Lake Erie 
Land-bridge Islands 

N Species 
Number 

11 0-5 
13 2-7 

9 3-14 

Area 
(ha) 

4-834 
92-143,974 

21-4,091 

Distance to 
Mainland (km) 

0.6-24.0 
3.1-34.0 

1.1-19.1 

Table 12.3 Area, Distance to the Mainland, and Number of 
Reptile Species on Land-bridge and Oceanic Islands in the Upper 
Great Lakes 

Island 

Land-bridge Islands 
Beaver 
Washington 
North Manitou 
South Manitou 
Garden 
High 
South Fox 
Summer 
St. Martin 
North Fox 
Rock 
Flowerpot 
Bears Rump 

Oceanic Islands 
Cove 
Little Summer 
Gull 
Russel 
Poverty 
Trout 
North Otter 
Squaw 
South Otter 
Spider 
Pilot 

Area (ha) Distance (km) 

14974 24.0 
5666 5.3 
5284 11.0 
2036 10.0 
1917 24.0 
1494 24.0 
1373 27.0 
890 3.1 
537 15.4 
362 34.0 
314 16.7 
200 3.5 
92 6.4 

834 4.3 
198 1.2 
109 24.0 
82 0.6 
78 8.2 
47 21.0 
32 3.5 
31 14.0 
11 3.3 
9 0.9 
4 3.9 

Species Source 

7 1 
7 3 
4 1 
5 1 
5 5 
3 1 
2 1,6 
3 3 
4 3 
4 1 
3 3 
7 7,8 
4 7 

5 7 
2 3 
0 1 
2 7 
0 3 
1 1 
1 7 
3 1 
0 7 
1 2 
1 2 

Sources: 1. Hatt et al. 1948; 2. Heinz et al. 1980; 3. Long and Long 1976; 4. 
Long et al. 1978; 5. Phillips et al. 1965; 6. Scharf 1973; 7. Schueler 1984; 8. 
Schueler pers. comm. 
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Fig. 12.5. Relationship between reptile species number and is
land area on oceanic islands (circles) and landbridge islands 
(squares) in the upper Great Lakes. 

Table 12.4 Reptile Species Successfully Colonizing 
Islands in the Upper Great Lakes 

Species Number of Islands Colonized 

Thamnophis sirtalis 5

Nerodia sipedon 4

Chrysemys picta 2

Diadophis punctatus 2

Elaphe vulpina 1

Storeria occipitomaculata 1

Sisturus catenatus 1


contrast, a negative relationship between species num
ber and distance to the mainland is not readily appar
ent. Given the recent origin of these islands, species 
numbers may still be relaxing from a super-saturated 
state. However, land-bridge islands in the upper Great 
Lakes do not appear to have higher species numbers 
than oceanic islands nor does distance to the mainland 
appear to explain more of the variation in species num
ber on oceanic islands than on land-bridge islands. Sur
prisingly, the value of, z for islands in Lake Erie is more 
similar to that for oceanic islands than land-bridge is
lands in the upper Great Lakes. 

These conclusions need to be treated cautiously for at 
least three reasons. The first is procedural: species lists 
may not be complete for some islands. Even on rela-
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Fig. 12.6. Relationship between reptile species number and dis
tance to the mainland on oceanic island and landbridge islands 
in the upper Great Lakes. Symbols as in figure 5. 

tively well-studied islands, some species are known 
from only a few sightings or captures and may have 
been overlooked on islands studied less intensely. The 
second reason is geographic: some islands are closer to 
each other than to the mainland. For these islands, spe
cies on nearby islands are more likely colonists than 
species found on the mainland. The third reason is bio
logical: colonization and extinction rates appear to differ 
among species. Species known to colonize oceanic is
lands are widespread on land-bridge islands both in 
Lake Erie and in the upper Great Lakes. Noncolonizing 
species are absent from most land-bridge islands and ac
count for many of the recent extinctions observed on is
lands in Lake Erie. More complete distributional data, 
particularly for land-bridge and oceanic islands of simi
lar size would be useful in further testing these conclu
sions. In addition, data on factors contributing to 
colonization and extinction probabilities are clearly 
needed to fully understand patterns of reptile species 
distribution on islands in Lake Erie. 
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Table 12.5 Rank-order Incidence Matrix for Reptiles on Islands in Lake Erie 

Island 

P SB K MB NB / ES M ws 
Nerodia sipedon X X X X X X X X o 
Elaphe vulpina X X X X X X X X X 
Thamnophis sirtalis X X X X X X X X 
Storeria dekayi X X X X X X 

Chrysemys picta X X X X X X 

Coluber constrictor X X X X X 
Chelydra serpentina X o X X 
Emydoidea blandingi X X X X 
Heterodon platyrhinos o o X 
Regina septemvittata X X 
Diadophis punctatus X X 
Elaphe obsoleta o o 
Crotalus horridus o o 
Graptemys geographica o 
Lampropeltis triangulum o 
Sistrurus catenatus o 
Trionyx spiniferous o 

Island abbreviations as in Table 1. X indicates species currently found on islands; O indicates species reported but no longer 
found. 
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13 The Distribution and Status of Colonial Waterbirds Nesting 

in Western Lake Erie 

D. VAUGHN WESELOH, STANLEY M. TEEPLE, AND HANS BLOKPOEL 

In 1901, an ornithologist by the name of Lynds Jones, 
his young son, and Rev. W. L. Dawson made one of the 
first purely ornithological expeditions to the islands in 
western Lake Erie (Jones 1901). Over the next 11 years, 
he and his colleagues documented the birdlife of several 
of those islands (Jones 1902, 1912). 

Almost 75 years later, in 1974, the Canadian Wildlife 
Service initiated what has now been an eleven-year 
monitoring study of toxic chemicals in herring gulls (La
rus argentatus) and other fish-eating birds in western 
Lake Erie as part of a Great Lakes survey (Gilbertson 
1974; Gilman et al. 1977; Weseloh et al 1979; Mineau et 
al. 1984; International Joint Commission 1985; Struger et 
al. 1985). During the years 1978-1984, we have made a 
census of most of the colonial waterbirds nesting on the 
same islands visited by Jones. 

In this essay, we present new data, from 1978 on
ward, on the distribution and numbers of colonial wa
terbirds on these islands. We discuss population 
changes during the last eleven years, and, from a bio
geographical standpoint, discuss changes in the colonial 
waterbird populations between Jones' time and the 
present. The species involved are double-crested cormo
rant (Phalacrocorax auritus), great blue heron (Ardea hero
dias), great egret (Casmerodius albus), cattle egret 
(Bubulcus ibis), little blue heron (Egretta caerulea), snowy 
egret (E. thula), black-crowned night heron (Nycticorax 
nycticorax), herring gull, ring-billed gull (Larus delawaren
sis) and common tern (Sterna hirundo). 

Methods 
In this report we assess all islands in the western basin 
of Lake Erie and its bays, and we included two shore-
based nesting sites, Cedar Point Marina Pier and Toledo 
Harbor Dike, which jut into Lake Erie waters. We did 

not include sites such as the Winous Point herony that 
were not immediately surrounded by water and we did 
not consider any locations in the Detroit River. 

Canadian Waters 
From 1974 to present, Middle Island was visited each 
year to collect herring gull eggs for toxic chemical analy
sis and/or to assess the gulls' reproductive success. 
Since 1978, other islands, primarily Big Chicken and 
East Sister, were visited for other studies. As time and 
duties permitted, nest counts were made of colonial wa
terbirds during these visits. 

Herring gull nests were counted in mid-May; double-
crested cormorant nests were tallied in mid-June. In 
western Lake Erie, clutch initiation for both species oc
curs in mid-to-late April. Nest counts of herons were 
made only irregularly and when disturbance to the 
birds, especially black-crowned night herons, would be 
minimized. However, the presence (or absence) of nest
ing herons was usually noted each year on the islands 
visited. On 9 May 1980, DVW climbed a tall tree near 
the middle of the heron colony on East Sister Island and 
counted all nests with identifiable herons in attendance. 
Nest counts of black-crowned night herons on Middle 
Island (1980-1983) were made during October/Novem
ber when nesting birds had left the colony (hence reduc
ing disturbance) and the foliage was much reduced. 
Only nests which we felt showed signs of use during 
the current year were counted. We believe that an au
tumn nest count is a reasonably accurate estimate of the 
current year's nesting population, although we did not 
make any spring counts with which to compare. 

U.S. Waters 

Data from islands and two human-made peninsulas in 
the U.S. waters were gathered primarily from historical 
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sources and from field workers. In addition, on 11 and 
12 July 1984, CWS staff visited all major islands and 
checked for nests. 

Results and Discussion 

Numbers and Distribution of Colonial Waterbirds 
We considered twenty-eight sites: nine (all islands) in 
Canadian waters and nineteen (seventeen islands and 
two shore-based sites) in U.S. waters. Of the nine is
lands in the Canadian waters, seven supported breed
ing colonial waterbirds (table 1 and fig. 1). Chick Island 
and Little Chicken Island had no nesting birds and were 
under water or awash during 1974-1984. Of the nine
teen sites in U.S. waters, eight (six islands and two 
mainland sites) supported breeding colonial waterbirds 
(table 2 and fig. 1). The eleven islands without nesting 
colonial waterbirds were Grassy Island, Turtle Island, 
Sugar Island, North, Middle, and South Bass Islands, 
Gibraltar Island, Ballast Island, Kellys Island, Range 
Light Islands (2), and Mouse Island. The Bass Islands, 
Kellys Island, and Sugar Island are inhabited and/or are 
close to large human populations and are not suitable as 
nesting locations. M. Shieldcastle reports (litt.) that iso
lated pairs of herring gulls can be found nesting on all of 
the U.S. islands including the Bass Islands, Kellys and 
Gibraltar islands. However, because we do not know 
specific years of occurrence and number of nests, and 
because neither our own observations nor earlier re
ports (Scharf et al. 1978) confirm these nestings, we are 
not including them in this report. 

We found or have records that colonial waterbirds 
nested on fifteen of the twenty-eight sites during the 11
year period. The number of sites at which each species 
nested in 1984 was as follows (the figure in parentheses 
is the number of sites at which the species nested over 
the 11-year period): 

herring gull—13 (15); 
great blue heron—4 (4); 
great egret—4 (6); 
black-crowned night heron—4 (5); 
double-crested cormorant—3 (3); 
cattle egret—2 (3); 
snowy egret—1 (1); 
ring-billed gull—1 (1); 
common tern—1 (3); 
little blue heron—0 (1). 

Nesting Colonial Waterbirds 

We did not find any evidence of nesting by other "es
tablished" Great Lakes colonial waterbirds, such as 
great black-backed gull (Larus marinus), Caspian tern (S. 
caspia) or Forster's tern (S. forsteri). Nor did we find evi
dence of nesting by yellow-crowned night heron (Nyc
tanassa violacea) or little gull (L. minutus). 

The fifteen nesting sites each supported from one to 
seven species. In descending order of number of species 
in 1984, the locations were as follows (the number of 
species recorded during the 11-year period is given in 
parentheses): 

West Sister Island—6 (7) species; 
East Sister Island—5 (5); 
Sandusky Turning Point—5 (5); 
Middle I s l a n d s (4); 
Toledo Harbor Dike—2 (3); 
Middle Sister Island—2 (3); 
Big Chicken Island—2 (2) and 
Pelee Island—1 (5). 
The remaining seven sites had only one nesting spe

cies, herring gulls. 
We cannot estimate properly the current breeding 

population for most species because recent counts are 
lacking from several important sites, especially for her
ons. However, taking the most recent count of each spe
cies, we believe we can at least rank the species in 
descending orders of abundance. Our ranking is herring 
gull> black-crowned night heron > ring-billed gull>> 
great blue heron> great egret> double-crested cormo
rant>> cattle egret> common tern> snowy egret> lit
tle blue heron. 

The occurrence and abundance of colonial waterbirds 
nesting in western Lake Erie show interesting similari
ties and differences when compared with those in the 
adjacent Great Lakes. In both Lake Huron and Lake On
tario, the herring gull is the most widespread colonial 
waterbird, while the ring-billed gull is the most numer
ous (Blokpoel 1977; Weseloh et al. 1986). In western 
Lake Erie, the herring gull is both the most widespread 
and most numerous; ring-billed gull numbers are sur
prisingly low. Ring-billed gulls nest more numerously 
in the Detroit River and in eastern Lake Erie and the Ni
agara River. Great blue herons, black-crowned night 
herons and double-crested cormorants also nest on 
Lakes Ontario and Huron. Western Lake Erie hosts sev
eral species which do not nest in other Great Lakes. Of 
the four least common herons (great egret, snowy egret, 
cattle egret and little blue heron), only the great egret 



Table 13.1 Numbers of Nests of Colonial Waterbirds Nesting in Canadian Waters of Western

Lake Erie, 1978-1984 (+ means present, - means no data). Locations are arranged from east

to west. 

Big 
Species/ Pelee Middle Chicken 
Year 1. 1. I. 

Double-crested cormorant 
1978 - 0 50a 

1979 - 0 87 
1980 0b 0 114 
1981 24 0 118 
1982 56 0 158 
1983 95 0 114 

1984 43 0 147 

Great blue heron 
1978 - 0 0 
1979 - 0 0 
1980 - 0 0 

1981 - - 0 
1982 - + 0 
1983 - 31 0 

1984 - + 0 

Great egret 
1978 - 0 0 
1979 6C 0 0 
1980 - 0 0 

1981 - 0 0 
1982 - + 0 
1983 - 7 0 
1984 - + 0 

Black-crowned nightheron 
1978 + d 0 0 
1979 + c 

0 0 
1980 200 ±e 0 0 
1981 3 >410 0 
1982 0 >463 0 
1983 0 >925f 0 
1984 0 + 0 

Herring gull 
1978 - 875 + 
1979 l g 790 188 
1980 - 903 + 
1981 - 992 + 
1982 - + + 
1983 - + 200 
1984 0 1384 313 

East 
Sister 
1. 

0 
0 
0 
6 

6 
17 
40 

+ 
+ 

>227 
+ 
+ 
+ 
+ 

+ 
3C 

>108 
+ 
+ 
+ 
+ 

+ 
+ 

>500 
+ 
+ 
+ 
+ 

-
982 
952 
901 

+ 
+ 

1198 

Location 

North Middle Totals 

Harbour Hen Sister (where 

I. 1. I. feasible) 

0 0 0 
0 0 0 87 

- - - 114 
- - - 148 
- - - 220 
- - - 226 
0 0 0 230 

0 0 10 
0 0 -

- - -
- - -
— - — 
- - -

0 0 47 

0 0 5 
0 0 -

- — — 
- — — 
- - — 
- — — 

0 0 0 

0 0 0 
0 0 — 

— — — 
— - — 
— _ 
- - — 

0 0 0 

+ + 568 
38 93 — 2092h 

- — 648 
- — _ 
- - _ 
- — _ 

41 103 V777 
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Fig. 13.1. Map of western Lake Erie 
showing the islands and/or nesting 
sites mentioned in the text and the 
species of breeding colonial water
birds at each site during this study, 
1974-1984 (Source = Tables 1 and 2 
and Peck and James 1983). Numbered 
sites which do not have a line leading 
from them to a species key did not 
have any nesting colonial waterbirds. 
Species which are known to have bred 
during the study period but which are 
not known to have bred in 1984 are in
dicated by shading. Key to species: D 
= double-crested cormorant, GB = 
great blue heron, GE = great egret, 
CE = cattle egret, L = little blue 
heron, S = snowy egret, B = black-
crowned night heron, H = herring 
gull, R = ring-billed gull, CT = com
mon tern. Key to locations: 1. Middle 
Sister I., 2. East Sister I., 3. North Har
bour I., 4. Big Chicken I., 5. Chicken 
I., 6. Hen I., 7. Little Chick I., 8. Mid
dle I., 9. Pelee I., 10. Grassy I., 11. To
ledo Harbor Dike, 12. Turtle I., 13. 
West Sister I., 14. North Bass I., 15. 
Sugar I., 16. Rattlesnake I., 17. Green 
I., 18. Middle Bass I., 19. Ballast I., 20. 
Gibraltar I., 21. South Bass I., 22. 
Starve I., 23. Mouse I., 24. Kelleys I., 
25. Johnson I., 26. Sandusky Turning 
Point, 27. Range Light Is., 28. Cedar 
Point Marina Pier. 

nests in Lake Huron (and then only recently, G. Peck, Population Changes 1974-1984 

pers. comm.), only the cattle egret breeds in Lake On- During this period there have been two other intensive 
tario (Scharf et al. 1978; Peck and James 1983). Con- census-taking efforts for colonial waterbirds (on the is
versely, Caspian terns do not nest anywhere in Lake lands) in western Lake Erie, in addition to ours. In 1976 
Erie, but they are present in good numbers in both Lake and 1977, Scharf et al. (1978) conducted aerial and/or 
Huron and Lake Ontario (Blokpoel 1977; Weir 1981; Fet- ground censuses of all U.S. islands in Lake Erie and in 
terolf and Blokpoel 1983; Weseloh et al. 1986). 1977 Blokpoel and McKeating (1978) surveyed and re-

Notes to Table 13.1 

"From G.B. McKeating to HB.

bAt Lighthouse Point to the north end of the island, 1981-Present.

Trom J.K. Young to HB.

dAt Fish Point on the south end of the island.

•Data for 1980 and subsequently from Mike Oldham to DVW.

'In 1983 night herons were discovered nesting on a portion of Middle Island that had not been surveyed in


1982. Hence the difference in numbers for the two years may not represent one year's growth. 
"Nested in a quarry on the north end of the island. 
hThe average of the 1978 and 1980 censuses for M. Sister Island was used to calculate this 1979 total. 



Table 13.2 Numbers of Nests of Colonial Waterbirds Nesting on Colonies in the U. S. Waters of Western Lake 
Erie (+ means present, - means no data)3 

Species/year Sandusky 
Turning 
Pt. 

Cedar Pt. 
Marina 
Pier 

Starve 
I. 

Green 
I. 

Great blue heron 
1977 
1979 
1984 

0 
0 
0 

0 
-
-

0 
-

0 

0 
-

0 

Great egret 
1977 
1979 
1982 
1983 
1984 

0 
0 
0 

1-2 

25-30 

0 
-

-

-

-

0 
-
-
-

0 

0 
-
-
-

0 

Snowy egret 
1977 
1982 
1983 
1984 

0 
-
-
-

0 
-
-
-

0 
-
-

0 

0 
-
-

0 

Little blue heron 
1983 
1984 

0 
0 

0 

0 
-

0 

-

0 

Cattle egret 
1977 
1978 
1979 
1983 
1984 

0 
-
0 
0 

10± 

0 
-
-
-
-

0 
-
-
-

0 

0 
-
-
-

0 

Black-crowned night heron 
1977 
1979 
1984 

0 
-

200 

0 
-
-

0 
-
0 

0 
-
0 

Ring-billed gull 
1976 
1977 
1979 
1984 

0 
0 

-
0 

0 
0 

-
-

0 
0 

-
-

0 
0 

-
-

Herring gull 
1976 
1977 
1979 
1984 

983 
878 

2140 
>1000 > 

0 
0 

-
-150 

130 
78 
88 
+ 

6 
33 
-
0 

Rattlesnake 
I. 

Johnson 
I. 

0 
-

0 

0 
-
-

0 
-
-
-

0 

0 
-
-
-
-

0 
— 
— 

0 

0 
— 
— 

-

-

0 

— 

0 

0 
-
— 
-

0 

0 
— 
— 
— 

-

0 
-

0 

0 
— 

-

0 
0 

-
-

0 
0 

— 

-

72 
56 
-
+ 

0 
0 

— 

+ 

Toledo West

Harbor Sister

Dike 1.


0 1600 
800 

- 300 

0 200 
- 100 
- 250 
- 300 
- 300-400 

0 0 
— 2 
— 3 
- 6 

—	 2 
0 0 

0 0 
— 3-4 
— 4 
— 12 + 
- 12 + 

0 3000 
— 150 
- 1300-1500 

0 0 
59 0 

2000 + — 

3300 

150 
13 150 

150 298 
165 250 
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Table 13.2 continued 

Species/year Sandusky Cedar Pt. Starve Green Rattlesnake Johnson Toledo West 
Turning Marina 1. I. 1. I. Harbor Sister 
Pt. Pier Dike 1. 

Common tern 
1976 0 0 0 0 0 0 77 0 
1977 0 0 0 0 0 0 263 0 
1980 - 10± - - - — 3 -
1984 10 ± 0 0 0 0 

"All data for 1976 and 1977 are from Scharf et al. 1978. All herring gull data for 1979 are from Weseloh and Mineau 1986. All other 
data for Sandusky Turning Point and Cedar Pt. Marina Pier are from Bruce Buckingham (pers. comm. to DVW); for Toledo Harbor Dike 
from Elliot J. Tramer (pers. comm. to DVW) and for W. Sister Island 1974 and 1979, J.K. Young (pers. comm. to HB); 1978, L.S. Putnam 
(in litt. to DVW) and 1982-1984, M. Shieldcastle (1983 and pers. comm. to DVW). 

viewed all colony sites on the Canadian side. Even with 
these two previous surveys, the data are insufficient for 
us to evaluate population changes for all 10 species dur
ing 1974-1984. However, the data set is fairly complete 
for the double-crested cormorant. From 1979 to 1984, 
the increase in the number of nests (table 1) indicates 
that the breeding cormorant population in western Lake 
Erie increased 164% overall, or at an average annual rate 
of 21.5%. Although this is a relatively high annual rate 
of increase (a population-doubling time of less than four 
years), it is not as high as those rates which have been 
determined recently for cormorants on Lake Ontario 
(56%) (Price and Weseloh, in press) and the Great Lakes 
in general (44%) (Ludwig 1985). Cormorants are increas
ing at a rapid rate throughout the Great Lakes and 
North America (Weseloh et al. 1977; Scharf and Shugart 
1981; Hatch 1984; Vermeer and Rankin 1984; Blokpoel 
and Harfenist 1986). Those authors state that the most 
likely reasons for this increase in cormorant numbers 
appear to be 1) decreased levels of toxic chemicals (espe
cially DDE) in the cormorants' eggs (resulting in thicker 
eggshells and greater reproductive success); 2) reduced 
disturbance and destruction of their nesting colonies by 
humans, and perhaps, 3) changes in food supply, par
ticularly increases in the stocks of some nongame fish 
(see below). 

For herring gulls we have fairly complete comparable 
counts only from the Canadian islands in 1979 and 1984 
(table 1). Between those years, there was an overall in
crease of 78.2%, or an average annual increase of 12.2%. 

This is somewhat below the 17% annual increase deter
mined for a sample of colonies on natural sites from 
across Lake Erie from 1977 to 1979 (calculated from We
seloh and Mineau 1986). Data from the colonies at the 
Sandusky Turning Point and Toledo Harbor Dike (table 
2) illustrate the problems encountered in computing a 
meaningful overall rate of increase for this species. 
These two locations are dredge spoil islands and, unlike 
natural sites, have been colonized recently and rapidly. 
From 1977 to 1979 the number of nests at these two sites 
increased at an annual rate of 60.0% (table 2). Unfortu
nately population figures for the Turning Point colony 
in 1984 are lacking and we cannot calculate a 1979-84 
change for herring gulls in the whole of western Lake 
Erie. Herring gull numbers on other lakes have in
creased in recent years as well. On Lake Huron, they 
have shown a 32.3% increase between 1960/62 and 1980 
(1.6% annual growth rate) (Weseloh et al. 1986). The 
reasons for these increases in herring gull numbers are 
not known. Levels of toxic chemicals in herring gull 
eggs have decreased from 1974 to 1984, but herring gulls 
in western Lake Erie and Lake Huron were not known 
to have been as severely affected by them as were cor
morants (Gilman et al. 1977; Postupalsky 1978; Weseloh 
et al. 1979). 

Population figures for ring-billed gulls and common 
terns in western Lake Erie are available for only some 
years (table 2). However, because these species are 
known to have bred at only a few (1-3) locations there, 
the figures are probably fairly complete and some con
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elusions regarding population changes can be made. 
From 1977 to 1984, ring-billed gull numbers have in
creased more than 50-fold at the Toledo Harbor Dike. 
This increase represents an average annual growth rate 
of more than 77%. The Toledo Harbor Dike is the only 
site in western Lake Erie where we know ring-billed 
gulls have bred regularly. In 1983, approximately 1,000 
pairs established a colony on the east beach of Point 
Pelee National Park (Canada), but the colony was de
stroyed by a wind storm (A. Wormington, pers. 
comm.). In recent years on Lakes Ontario (Blokpoel and 
Fetterolf 1978) and Huron (Weseloh et al. 1986), ring-
billed gulls have continued their rapid population in
crease, which has been occurring on the Great Lakes 
since the 1950s (Ludwig 1962,1966,1974; Blokpoel and 
McKeating 1978; Blokpoel and Tessier 1986). 

During the period 1974-1984, the common tern has 
been in a state of flux in western Lake Erie. Its numbers 
have declined dramatically in the long term (see below) 
but in the last eleven years they have fluctuated. In 
1984, the common tern bred in only small numbers at 
one site. Between 1976 and 1977 the tern colony on the 
Toledo Harbor Dike increased more than three-fold, but 
by 1984 no terns nested there. We do not know the rea
son for the demise of this colony but the loss represents 
a 96% decrease in the number of nesting common terns 
in western Lake Erie (table 2). The status of the common 
tern in the lower Great Lakes has been reviewed re
cently by Courtney and Blokpoel (1983). 

Little blue heron and cattle and snowy egrets have be
gun breeding on the islands in western Lake Erie during 
the course of this study. The little blue heron nested 
only in 1983 and its status is uncertain. On West Sister 
Island, in the United States, the numbers of cattle and 
snowy egret nests appear to be increasing slowly (table 
2), suggesting that these two species are probably estab
lished nesters. However, from the Canadian waters of 
western Lake Erie there are no breeding records of 
snowy egret and the nesting status of the cattle egret is 
uncertain, or doubtful. The cattle egret nested among 
black-crowned night herons at Fish Point on Pelee Is
land from at least 1974-1977 (Blokpoel and McKeating 
1978; Putnam 1978; Peck and James 1983; Speirs 1985; 
and in litt. L. S. Putnam to D. C. Smith 1981 and to D. 
V. Weseloh 1985) but there are no records from the Ca
nadian islands since then (for 1979 and 1980 in litt. L. S. 
Putnam to D. C. Smith 1981; authors, pers. obs.). 

For the more numerous and/or larger herons, that is, 
great blue heron, great egret, and black-crowned night 
heron, we are missing data for several years from the 
large colony on East Sister Island. This makes it impos
sible to assess accurately population changes of these 
three species in the study area. The mixed colony on 
Middle Island, which was initiated by night herons in 
1981, has been increasing in numbers and species since 
that date. The original colonizers appear to have been 
the birds that had been nesting in previous years on 
nearby Fish Point on Pelee Island. In the U.S. colonies, 
where the data are more complete for these species, the 
numbers of great blue herons seem to be decreasing, 
those of great egrets appear to be slowly increasing, 
while night herons may be increasing after a dramatic 
decline between 1977 and 1979. 

Population Changes 1901-1912 versus 1974-1984 
As far as we know, Lynds Jones and his colleagues 
never visited the Lake Erie islands in the early spring or 
even at the peak of colonial waterbird nesting in late 
spring. His visits seem to have been confined to mid
summer on. Even then, he should have been able to 
find evidence of breeding by most of the colonial water
birds, had they nested on the islands he visited. From 
Jones' reports, it appears that the population of colonial 
waterbirds at the turn of the century was very different 
from what it is now. Jones reported only one of the 
nesting colonial waterbirds considered in this study: the 
common tern bred widely, with colonies at at least eight 
sites, including Chick, Big Chicken, Middle, Rattle
snake, North Harbour, Middle Sister, and Starve Is
lands (Jones 1902; Flickinger and Hiett 1930; Courtney 
and Blokpoel 1983). Jones observed great blue herons 
and herring gulls in western Lake Erie but found no evi
dence of their nesting on any of the islands he visited. 
Although there is no indication that he visited the is
lands in the western end of the archipelago, that is, 
Middle Sister or West Sister islands, his records of the 
species nesting on islands in the eastern half of the 
western basin are very different from those of the last 
ten years. Nine of the 10 species of colonial waterbirds 
which now (1984) nest in western Lake Erie were not 
known to nest there in Jones' time and some had not 
even been recorded for Lake Erie. In table 3, we have at
tempted to indicate when the 10 species of colonial wa
terbirds were first reported nesting among the Lake Erie 
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Table 13.3 Earliest Known Reported Nesting of Colonial Waterbird Species on Western Lake Erie Islands1 

Species Year Source(s) 

Common tern 1890s Jones 1901, Ligas 1952 
Great blue heron 1900 ± Campbell in litt. 
Great egret 1900± (1939-45) Hicks 1944, Campbell in litt. and 1947 
Herring gull 1926 Shipman 1927 
Black-crowned night heron 1930 (1920s?) Shieldcastle, in litt., Baird 1930, Hicks 1935 
Double-crested cormorant 1939 Core 1948, Langlois 1950 
Ring-billed gull 19662(1977) Campbell, in litt., Scharf et al. 1978 
Cattle egret 1972 (Early 1970s) Blokpoel and McKeating, 1978, Shieldcastle, M. pers. comm. 
Snowy egret 1982 Shieldcastle 1983 
Little blue heron 1983 Shieldcastle 1983 

"including the two mainland areas outlined in the Methods. 
2Mr. L.W. Campbell brought to our attention an interesting record which does not appear to have been noted in previous literature. 

He writes, "The first Ring-billed Gull breeding (in western Lake Erie) was noted July 1966 by Ray Frankhouse and me on a Maumee Bay 
mud dredge island. A photo of the fledgling was taken. Next year on the same island 50 nests were found (and 90 Herring Gulls). They 
bred again in 68, 69 and 70 but the next year the area was covered by high lake levels. None were found (again) until 1977. . . . " 

islands. We can see that both great blue herons and immense recreational development, resulting in an 
great egrets may have been breeding on West Sister Is- enormous increase in people and their garbage, fast-
land during Jones' visits to lake Erie islands. food outlets, and so on. This certainly provides a new 

Several changes and events with direct and indirect food source for the gulls. The natural food resource for 
implications for birds have occurred since Lynds Jones fish-eating birds has also undergone dramatic change 
reported on the birds of western Lake Erie. Of primary (Christie 1974). Populations of rainbow smelt (Osmerus 
importance was the 1916 Migratory Bird Convention be- mordax), alewife (Alosa pseudoharengus) and yellow perch 
tween Canada and the United States that stopped the (Perca flavescens) are much larger now than they were in 
shooting of herons for their plumes (thus virtually elimi- Jones' day (Hartman 1972,1973; Regier and Hartman 
nating the millinery trade) and put severe restrictions 1973; Baldwin et al. 1979). What role this change in 
on harvesting eggs and collecting. The change in hu- abundance has had for the fish-eating birds is difficult to 
man habitation of the islands is also of major impor- assess. 
tance. At the turn of the last century both West and East Nesting habitat also has changed. Trees on West and 
Sister islands were farmed and had houses, outbuild- East Sister islands and Middle Island are probably more 
ings, and at least one orchard (Jones 1912; Scharf et al. numerous and larger than they were eighty-five years 
1978). Big Chicken Island had a frame shack. In more re- ago, encouraging nesting by large herons, egrets and 
cent times Middle Island supported a gambling casino cormorants. Water levels of Lake Erie have changed 
and an airplane landing strip. These have now disap- greatly. Small reefs and islands such as the "Chickens" 
peared, although a large deserted house still remains on that supported terns early in the twentieth century are 
Middle Island. Some of the islands are now more devel- now under water or awash. As new bird species became 
oped than previously. North Harbour Island, which in established on the Lake Erie islands, they may have in
1901 was covered with trees, bushes, and common tern fluenced the resident nesters. Both herring gulls and 
nests (Jones 1901), now hosts a cottage, concrete boat black-crowned night herons are known predators of the 
dock, and (during at least 1978-1984) a large cement common tern and may have played a significant role in 
mixing truck! Islands on the U.S. side have undergone its demise (Courtney and Blokpoel 1983). 
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Biogeographic and Management Aspects 
Of the 10 species of colonial waterbirds currently nest
ing in the study area, eight appear to have reached the 
edge of their breeding range in the interior of eastern 
North America in or near western Lake Erie. For the 
double-crested cormorant, herring and ring-billed gulls, 
and common tern, Lake Erie is the southern edge of 
their breeding range (American Ornithologists' Union 
1983). For them the Lake Erie islands appear to be a 
"dead end" for further southward expansion in the in
terior as there is little or no suitable habitat lying to the 
south. For the great, snowy and cattle egrets and the lit
tle blue heron, Lake Erie currently forms (or in the case 
of the great egret, recently formed) the northern limit of 
their breeding range (American Ornithologists' Union 
1983; G. Peck, pers. comm.). The cattle egret has bred in 
Ontario [the first and most northerly record occurred in 
1962 (Peck and James 1983) less than 100 km north of 
Lake Ontario], but it does not breed there regularly and 
we know of no active nests since 1978. Hence, until the 
cattle egret becomes a regular breeding bird in Ontario, 
it seems more realistic to consider Lake Erie and the 
other Great Lakes as the northern boundary of its breed
ing range. 

For the great blue heron and black-crowned night 
heron, western Lake Erie does not now appear to play a 
significant role in the species expansion. The great blue 
heron breeds throughout most of eastern North Amer
ica and at present the black-crowned night heron is 
known to breed as far north as Manitoulin Island and 
areas north of Lake Nipissing (Peck and James 1983). 
Historical data, however, suggest that within the last 
sixty to eighty years, the black-crowned night heron 
(Baillie and Harrington 1936) has expanded its range 
northward in Ontario from the southwest, probably at 
least in part from the larger colony on West Sister Island 
(Hicks 1937). For this species the Lake Erie islands may 
have acted as "stepping stones" to range expansion in 
the classical biogeographical sense, serving as a gateway 
to other islands in the Great Lakes and to Ontario (but 
see Lloyd 1923). 

The islands of western Lake Erie are immensely im
portant to the lake's colonial waterbird population. For 
the species considered here, there is only one other nat
ural insular nesting site on the entire lake— Mohawk Is
land, situated 280 km east of Pelee Island. Seven of the 
10 species in this study nest on no other islands in Lake 
Erie. 

Vertebrate Distributions 

Some of the islands are important also for their diver
sity of nesting species of colonial waterbirds. West and 
East Sister islands are good examples of this. There may 
not be another island in all the Great Lakes that has 
seven species of nesting colonial waterbirds, as West 
Sister Island did in 1983. Fortunately, both of these is
lands are government refuges, which should ensure 
their future preservation. To the best of our knowledge, 
Green Island is the only other government-owned is
land; all others are privately owned. 

The possibility of establishing, or reestablishing, the 
common tern as a regular, and more numerous, nesting 
species should not be overlooked. This could be at
tempted either on the shore-based sites where it now 
nests irregularly in small numbers or on the most suita
ble of its former offshore islands. This could be facili
tated through habitat alteration and the use of tern 
decoys (Kress 1983). 

The Lake Erie islands are of particular concern to Can
ada because the Carolinian Forest habitat, of which they 
are a part, is now limited in Canada primarily to these 
very islands and isolated tracts along the north shore of, 
and slightly inland from, Lake Erie. The islands are one 
of the few places in Canada where the great egret nests 
regularly (Godfrey 1966). There are also several plant 
and tree species which occur virtually nowhere else in 
Canada but on these islands. Every effort should be 
made to preserve as much of the natural habitat on the 
Lake Erie islands as possible. 
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14 Small Rodents of the Lake Erie Islands 

WILLIAM B.JACKSON 

The Lake Erie islands seemingly have had opportunities 
to be colonized by small mammals during historical 
times but have failed to sustain diverse populations. 
The white-footed mouse (Peromyscus leucopus) is the 
only native small mammal species established—and 
then only on the larger islands (table 1). 

Commensal rodents have been introduced with hu
man activities, but because they are "pest" species their 
distributions are poorly documented. The house mouse 
(Mus musculus) occurs in and around structures and oc
casionally exists as a feral species. This species has been 
trapped in grassland and old-field environments on the 
Bass islands, reported sparingly from Pelee Island, and 
probably is present on all inhabited islands. 

The Norway rat (Rattus norvegicus) is associated espe
cially with commercial activities and garbage dumps but 
is not abundant or feral (i.e., living totally apart from 
man) in the islands. On Pelee Island its current scarcity 
is attributed to the decrease in corn storage (C. Camp
bell, personal communication). Earlier, their predation 
on pheasant eggs had been reported (Stokes 1955). This 
species has successfully colonized in the abundant 
marshes along the Lake Erie shore and may depredate 
nesting wildlife. Such habitats are largely lacking on the 
islands. 

The roof rat (R. rattus) does not extend its normal 
range this far north, but ships out of tropical ports regu
larly move through the Great Lakes. Reports of roof rat 
sightings are received sporadically, and the species is 
documented from Buffalo (Pratt and Brown 1976), but 
there are no confirmed colonies existent on the Great 
Lakes. The presence of this species on the islands would 
not be expected. 

This study will focus on the small mammals (rodents 
and shrews) of the U.S. islands of Lake Erie, since simi
lar consideration is given to Pelee Island by Campbell et 
al. (1987). Our trapping studies (1962-73) were con
ducted primarily on the Bass islands (most intensively 

on South Bass); Kelleys Island, the smaller islands in the 
western basin, and adjacent mainland areas also were 
included. 

Initial trapping studies (1964-66) of the Bass islands 
led to the conclusion that the only native small mammal 
present was the white-footed mouse (Fall, Jackson, and 
Carpenter 1968) (table 2). Furthermore, the species was 
restricted to woodland environments; grassland and 
second-growth environments (e.g., overgrown or
chards and vineyards) were devoid of rodents and 
shrews. We hypothesized at the time that this restric
tion "to the 'preferred' forest habitats may indicate a rel
atively recent colonization of the island region." 

Subsequent trapping documented that mouse popu
lations had not remained so restricted and by 1969 had 
expanded into the old orchards and vineyards (table 2). 
By 1971 white-footed mice were trapped in grasslands 
that previously had been devoid of mice. These trap
ping results required a reevaluation of our position. 

After the discovery of white-footed mice in environ
ments with second-growth vegetation, a detailed popu
lation study was undertaken in 1970. Live-trapping 
grids were situated in adjacent woodland and over
grown vineyard environments separated by a five-meter 
service road. Each grid had 102 trap stations with fif
teen-meter intervals. A single Sherman trap was used at 
each station. Traps were set for two consecutive week
ends (usually a total of six trap nights) at six-week inter
vals in April, June, August, and October. Captured 
animals were individually toe-clipped, weighed, aged 
(by pelage), and examined for reproductive status. Re
lease was made at capture site. 

The forest community vegetation on South Bass has 
been described in detail by Hamilton and Forsyth 
(1972), with the sugar maple-hackberry-basswood and 
maple-oak-hickory communities being designated as 
the more mature. The live-trap study was carried out in 
a sugar maple-hackberry-basswood community (an ex
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Table 14.1 Lake Erie Small Mammal Distribution prior to 1969 

No . speamem 

Area7 Total Trap 
(km2) Nights P.I. R.n. M.m. M.p. B.b. 

Islands 

Pelee5 42.70 - + + + + 9 

Kelleys46 11.32 1,470 29 1# 3 

South Bass1 6.35 620 79 7 4 

Middle Bass16 3.29 161 41 1 + 

North Bass1 2.85 135 19 8 

West Sister3 0.31 139 none 

East Sister2 0.23 — + 
Rattlesnake16 0.26 224 6 

Middle 0.42 — none7 

Sugar1 0.13 120 1 

Green16 0.08 176 none7 

Ballast6 0.05 78 none 

Middle Sister 0.25 no data 

Gibralter16 0.02 30 none 

Mouse1" 0.03 86 none 

Mainland 

Catawba1 - 937 50 1 I8 2 

Pt. Pelee5 . 10 
+ + + 

*P.l. Peromyscus leucopus 
R.n. Rattus norvegicus 
M.m. Mus musculus 
M.p. Microtus pennsylvanicus 
B.b. Blarina brevicauda 

# Sight record. 
+ Present.

'Fall, Jackson, and Carpenter (1968).

2T. Langlois, personal communication (1964).

3John Enders, unpublished paper (1971).

4Gail Peters, unpublished paper (1968).

5Banfield (1961); Royal Ontario Museum, personal communication (1971); M'Closkey (1972).

Additional trapping, John Enders (1971): Middle Bass—5 Mus musculus (534TN)


Green —0/298 
Rattlesnake —0/172 
Gibralter —0/116 
Mouse —0/59 
Kelleys —3 Microtus pennsylvanicus (590TN) 

7From symposium program: John Crites, "trapping by Stone Lab classes (1978-79) produced white-
footed mice." 

8Pre-1950 sight records questionable. 
*Two specimens found in hay bales (imported?) in 1946. 

10Also P. maniculatus and Zapus hudsonius. 
"Not recorded in recent years (1962 + ) [C. Campbell (1985), personal communication]. 
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Table 14.2 Summary of White-footed Mouse Captures in Trapping Studies on 
South Bass Island 

1964-66 1969 1970 2971 1972 1973 
(Summer) (Nov) (Apr-Oct) (Aug) (Spring) (June) 

Habitat (1) (4) (2) (4) (3) (2) (3) 

Lime Kiln Woods 60/201* 2/107 8/34 21/50 10/98 
Perry's Cave - 2/35 N = 88** 43/262 7/25 4/58 

Woods 
Orchards 

Old Vineyards 0/114 
2/32 

30/138 

2/19 

N = 41** 13/116 
5/46 

6/49 

8/60 

11/60 
Cedar Woods — + *** — - 6/28 11/60 
Grass — 0/25 11/176*** 

(1) Fall, Jackson, and Carpenter (1968). 
(2) David Mentzer and Alan Novello, unpublished data; Robert K. Bastian, unpublished kill-trap 

data (June 1970). 
(3) John Enders, unpublished data. 
(4) Robert Bastian and Keith Kahle, unpublished data.


*No. animals/trap nights. Most trapping utilized museum special traps and trap lines with 20

50 stations at 15-meter intervals. 

"Individuals caught in live-trap study. 
***6 mice trapped (June 1969); TN not known.


****This field had been trapped in May (30 traps) with no success by Robert K. Bastian

(unpublished data). 

-Not trapped. 

tension of Victory Woods) and in a vineyard (Verduin's) and more mobile, only one transient mouse was cap-
last cultivated in the early 1950s. This vineyard had tured in both habitats. (There were eight resident mice 
been trapped in 1965 with zero trap success. with home ranges encompassing both habitats.) Dis

persing animals perhaps moved greater distances than 
would be detected by the trapping effort.

Results 
The woods may be considered to have the higher car-

In the 1970 live-trap study, twice as many mice were rying capacity, but its higher density population is char-
trapped in the woods as in the vineyard, but a greater acterized by greater strife. Sixty-two percent of 
proportion of the vineyard animals were transients (i.e., woodland males versus 15% of vineyard males had tail 
trapped only once) (75% versus 60%) (table 3). The scarring as evidence of fighting. The proportion of fe
mean residence time for vineyard mice was less (2.3 ver- males with scars was lower but in the same relationship 
sus 3.4 months), but the home range for mice in both (32% versus 12%). No other measures of stress were col-
habitats was the same (slightly more than 1/8 ha). Num- lected, however. 
bers of transients increased in June and October (follow
ing breeding peaks), but numbers of resident animals 
increased as well (table 4). Maximum population den- Discussion 

sity (using Lincoln index) in the early fall was approxi- Mainland populations of small mammals are much 
mately 74/ha in the woods and 25/ha in the vineyard. more diverse (table 1), with three or four native rodent 
Sex ratios were similar in the two populations. species and one shrew being identified on Pt. Pelee and 

Despite the implication from these data that the vine- Catawba. However, it has been noted previously that 
yard habitat had a lower carrying capacity than the the meadow vole (Microtus pennsylvanicus) and short-

woods and that the vineyard population was less stable tailed shrew (Blarina brevicauda) appear to be relatively 
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Table 14.3 Movement Parameters of White-footed Mice in Live
trapping Study, South Bass Island, 1970 

Habitat 

Woods Oldi /ineyard 
No. Total Mice 88 41 

% Transients 60 75 
% Males transient 63 66 
% Females transient 57 88 

Mean Residence Time 3.4 2.3 
(months) 

Mean Home Range (ha) 0.14 (N = 10) 0.14 (N = 4) 
(> 4 captures) 

Table 14.4 Residence Status of White-footed Mice in Live
trapping Study (grids combined), South Bass Island, 1970 

April ]une August October 

No. Transients 10 24 15 26 
No. Residents 

Old 15 33 37 41 
New 18 11 12 

*Not recaptured. 

recent arrivals in the Catawba area or perhaps are What further hypotheses can be proposed to explain 

highly cyclic, thus appearing to be absent at times (Fall, these interisland and intraisland dispersion and distri-

Jackson, and Carpenter 1968). Banfield (1961) concluded bution patterns in the Bass Island chain? We had earlier 

that Microtus was transported recently to Pelee by man, discounted the postglacial land bridge with its wet bo

as we considered likely on Kelleys Island. real forest environment as an explanation (Fall, Jackson, 

The relatively large size (567 ha) of South Bass, its rel- and Carpenter 1968). Though the hypothesized dates 

ative closeness to the mainland (Catawba peninsula, 4 have changed slightly (Forsyth, this volume), we see no 

km), and abundant human activity during the past cen- reason to change the conclusion. 

tury-and-a-half suggest that dispersion of small mam- Interviews with older island residents, however, have 

mals to the island chain would have been likely. convinced me that white-footed mice were present on 

Lomolino (1982,1984, this volume) describes the re- South Bass in the early 1900s. (People talked about 

peated dispersion of terrestrial mammals in the Thou- "white-bellied mice.") Furthermore, Jones (1912) men-

sand Island Region of the St. Lawrence River, but the tioned in his survey work on the island that he had 

greater isolation (distance from mainland) for the Lake found the "deer or white-footed mouse." This is pre-

Erie islands may be the basis for the difference in disper- sumed to be P. leucopus. 

sion success. Once a population is established on a Earlier we had discounted rafting (because of cur-
larger island (e.g., South Bass), then movement to a rents) and movement across winter ice (because of dis-
nearby smaller island (e.g., Sugar) as described by Lom- tance and mouse behavior) as modes of entry. Though 
olino is more likely. Islands less than 8 ha did not sus- such dispersion is not "impossible," we think the prob
tain small mammal populations (table 1). ability for success very small. We think the likelihood of 
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human transport with food stores or forage is more 
likely. 

This still does not provide an explanation for the ear
lier restricted distribution of the white-footed mouse on 
South Bass Island. Mice were trapped in these environ
ments on North Bass and Kelleys islands, but this spe
cies was trapped on Catawba only in mature forests 
(Fall, Jackson, and Carpenter 1968). The population on 
South Bass, when trapped in the late spring of 1966, 
was a high-density population and had a high preva
lence of pregnancy (thus was not excessively stressed). 
The surrounding old-field and grassland habitats did 
not appear to change sufficiently in five years to precipi
tate a sudden dispersion. We believe that trapping in
tensity was sufficient to detect mice had they been 
present. Both an early report and comments of "old tim
ers" indicate their presence on the island in the early 
1900s. The population may have "crashed" and was just 
coming back in the mid-1960s. Otherwise, we have no 
reasonable explanation for the apparent population 
hiatus. 
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15 The Mammals of Pelee Island 

CRAIG A. CAMPBELL, LISA B. NEEDHAM, AND SCOTT M. NEVIN 

Although extensive studies of Pelee Island flora and 
herpetofauna have been done (e.g., Core 1948 and Lang
lois 1964), this is only the second study of its kind on Pe
lee Island mammals. It presents evidence for 22 species 
historically occurring on the island. Five of these species 
were not previously recorded: big brown bat (sight re
cord only), red squirrel (a former introduction), nutria 
(recently feral), gray fox (a recent natural arrival), and 
American mink (an occasional visitor). Man, including 
the various tribes of native peoples, is the twenty-sec
ond species, and was not listed in previous faunal 
checklists. Banfield (1962) gave an annotated list of the 
mammals present on the island. Fall et al. (1968) wrote a 
fine paper on the small mammals of the Ohio Erie is
lands but did not include the Canadian islands. The fol
lowing papers have touched on the mammals of Pelee 
and/or neighboring islands, but do not describe the na
ture of the mammalian fauna in detail: Jones (1912), Cal-
vert (1920), Smith (1926), Saunders (1932), Fetherston 
(1949), Ball (1952), Stokes [1955], Hooper (1967), Stirrett 
(1968), Campbell (1971, 1976a, b), Brose (1976), Keenly-
side (1978), and Mineau and Markel (1981). 

It is hoped this study will contribute to an under
standing of the natural history and biogeography of the 
mammals of Pelee Island, Ontario. 

Study Area 
Pelee Island is situated in Lake Erie 8V4 miles (13.3 km) 
southwest of Point Pelee, Ontario, and 9Vi miles (15.3 
km) north of the Marblehead Peninsula, Ohio. The is
land is 73A miles (12.5 km) long along its north-south 
axis and 3% miles (5.7 km) wide, with an area of approx
imately 10,140 acres (4,104 ha). Pelee Island's closest 
American neighbor is Middle Bass Island, five miles (8 
km) to the southwest. 

Pelee Island undoubtedly was submerged at times 
following its formation, but at a rime of low lake levels 

4,000 to 5,000 years ago could have formed part of a 
peninsula extending out from the southern shore. This 
peninsula would probably have been separated from 
Point Pelee by a deep river flowing through the "Pelee 
passage" (see fig. 1). 

Originally, Pelee Island was composed of several 
limestone islets with clay deposits, sometimes reaching 
100 feet (30 m) in depth, in between. The draining of ex
tensive central marshes overlying the clay has created 
the present island. The dominant soil type is a grit- and 
stone-free clay, the second most common is a gritty clay 
to clay loam soil, and third in importance is a shallow 
gritty to stony loam. These conditions may relate to a 
relative lack of fossorial mammals on the island. 

During more severe winters, the shallow western end 
of Lake Erie freezes, providing an access route to the is
land for large cursorial mammals (Banfield 1962). In the 
past, the frozen lake has even been used for vehicular 
traffic (Hooper 1967). 

The surface currents in the western basin of Lake Erie 
discharge from the mouth of the Detroit River, sweep
ing southwestward and eastward to Point Pelee and the 
northern and eastern sides of Pelee Island. Other cur
rents flow along the south shore, off the Marblehead 
Peninsula and among the islands, whereas in the center 
of the lake countercurrents flow past the south of Pelee 
Island and up the western side (Hough 1958). 

Indians of the Mound Builder culture were the first 
human inhabitants of Pelee Island that left evidence of 
their existence (Boyle 1899). The Erie islands once pro
vided North American Indians with a safe, convenient 
canoe route across Lake Erie. As a result, they were very 
likely inhabited by a number of tribes. Archaeological 
evidence of this includes an Inscription Rock on Kelleys 
Island (Core 1948). It is probable that the Miami, Neu
trals, Eries (Nation of the Cat), Ojibways, Chippewa, 
Senacas, Shawnees, and Wyandots (Hurons) all visited 
or occupied the island at some time (Gridley 1974 and 
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Fig. 15.1. Map of localities on Pelee Island mentioned in text. 

Hooper 1967). Late Woodland tribes had been present 
from 600-700 A.D. on (Keenlyside 1977). 

The first white men to record their visit to the Erie is
land were Robert de la Salle and Father Hennepin, on 
an exploratory voyage of Lake Erie in 1679 (Core 1948). 
The Jesuit explorer Bonnecampe visited the islands in 
1749, and an unnamed French soldier spent a night 
there in 1754 (Langlois 1964). None of the above visitors 
contributed to our knowledge of the early mammalian 
fauna of the Erie islands, although all four noted that 
the islands were infested with rattlesnakes. 

Pelee Island was first leased to Thomas McKee by In
dians in 1788 (Smith 1926); the first permanent settle
ment, however, was not established until 1834, by 
William McCormick (ibid.). 

In the early days of settlement lumber and firewood 
were shipped off Pelee Island (Hooper 1967). Lumber
ing lasted until most of the island was denuded. Begin
ning in 1888, marshes were drained and canals, 

The Mammals of Pelee Island 

drainage ditches and roads were built. At present there 
are twelve miles (19 km) of canals and nearly all tillable 
land is tile-drained. Four pumping stations pump water 
from the canals, which are below lake level, into the 
lake. 

About 15% of the island was forested as of 1962 (Ban
field 1962). Some of the larger portions of Pelee Island's 
forests are included in two Ontario provincial nature re
serves (Lighthouse and Fish Points, see fig. 1) and one 
Federation of Ontario Naturalists Reserve (part of Stone 
Road Savannah). All of East Sister Island is also a prov
incial nature reserve, approximately 65 acres (26.3 ha) in 
size. 

Survey Methods 
For 15 years (from 1970) the senior author has visited 
Pelee Island several times annually. During this time he 
has kept field notes on sightings, tracks, and other sign 
of all mammals. He has also interviewed a number of is
land residents, including township officials. Historic lit
erature and archaeological data along with mammal 
collections in Royal Ontario Museum (ROM), National 
Museums of Canada (NMC), Point Pelee National Park 
Museum (PPNPM) have been examined by the authors 
for specimens from the Erie archipelago. 

During 1976, the senior author and his assistants 
spent numerous hours trapping small mammals for a 
study of the blue racer and also analyzing racer scats for 
prey species. In April 1985, 590 trap nights were accu
mulated at ten different localities, using pit and snap 
traps in transects. Varying habitats, e.g., savannah—de
ciduous and red cedar, beach, quarry edge, old field, 
meadow, dump, and hardwood ridge, were sampled. 
In the past a very limited amount of house cat prey was 
examined and road censuses were made in the eve
nings. These were again conducted in April 1985. 

Early Arrivals 
Bats are the most common mammalian colonizers of an 
island like Pelee, but Banfield (1962), like us, rarely ob
served them there. Unidentified individuals have been 
noted from time to time, but only three species have 
been identified to date. Fetherston (1949) found one lit
tle brown bat hanging in a barn in September 1947. Ban-
field (1962) cites his observation of one during the 
summer of 1946. There are specimens of this myotid 
from Point Pelee in both ROM and NMC. It has appar
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ently occurred in the region since the late Pleistocene 
(Kurten and Anderson 1980). It is considered the most 
common bat of eastern Canada (Peterson 1966) and of 
some areas of Ohio (Gottschang 1981). Gottschang 
(ibid.) maps records for Ottawa and Erie counties. 

At Point Pelee the red bat is the most common chirop
teran (Stewart 1977), migrating through the point more 
than any other bat (ibid.). It is a strong flier, well distrib
uted in the midwest and east central regions,1 with re
mains dating from the Pleistocene (Kurten and 
Anderson 1980). From the Ohio River northward it be
comes less abundant, even local and uncommon during 
summer (Barbour and Davis 1969). The ROM specimens 
of this bat from Pelee Island were taken in June and are 
of both sexes, one being a female with three embryos. 
Banfield's specimens collected on Pelee Island were shot 
in July 1960 in woodland (Banfield 1962).2 Primarily a 
tree bat, the red bat may, however, favor roosts bor
dered by crops of corn, beans, and grapevines. These 
crops are common on Pelee Island. 

The big brown bat has been once tentatively identi
fied by size on the island (pers. comm., J. Harris 1985). 

For discussion of the white-footed mouse, which 
many believe to be the only native small mammal on Pe
lee Island, we defer to the presentations of our col
league, Dr. W. B. Jackson. Suffice it to say here that we 
have found it the most abundant mammal on the island, 
occupying at least four habitats. Museum specimens 
and our collections appear to average heavier and larger 
in cranial measurements than mainland ones. (This 
work is in progress, Campbell et al.) 

The muskrat was once very numerous on Pelee Is
land. Smith (1926) stated that the lodges dotted the cen
tral marshes of the island before drainage, and 5,000
6,000 were trapped and speared annually by settlers 
and native people. Such a density was perhaps not im
possible. Errington (1963) records a density of one pau
per acre in a 1,200-acre (485 ha) bulrush marsh. After 
drainage of the marshes on Pelee Island most muskrats 
moved into the canals. Errington (1963) recorded con
siderable densities along vegetated dikes. Fetherston 
(1949) noted that they sometimes fed on crops along 
dikes and were still trapped in numbers. 

Historical literature records that muskrats have al
ways been present on Pelee Island. Kurten and Ander
son (1980) date their presence in northern regions such 
as Ohio from the end of the Pleistocene. On Point Pelee 
they were a major food source, A.D. 600-900 (Keenly
side 1978). We have found them relatively scarce in re

cent years on the island, and J. Harris concurs (pers. 
comm. 1985). Recent dredging of the canals and ex
treme fluctuation by manipulation of water levels may 
have caused a decline. The species peaked on Point Pe
lee in 1969 (Stewart 1977). Detailed studies of it on the 
point have been done (McEwen 1957 and 1958); see also 
Stewart's reference to the 1969-70 PPNP study, and the 
thesis on muskrat reproduction in Ottawa and San
dusky counties in areas of controlled and uncontrolled 
water level units (Donohoe 1961). 

This aquatic rodent presumably would have had no 
problem in swimming to Pelee Island via the smaller is
lands, but it also travels overland, often for days, on ice 
or snow, despite freezing of the tail, eyes and toes (Er
rington 1963). 

The white-tailed deer was present on the island at the 
time of settlement, and many antlers have been found 
(Smith 1926). The deer were exterminated between 1887 
(Stokes [1955]) and 1902 (Oldham 1982). The last were 
reported in Ohio in 1881 and 1893 (Enders 1930). On 
Point Pelee they were killed in great numbers in the 
nineteenth century, becoming scarce in Essex County 
by 1899 (Battin and Nelson 1978). Deer were reintro
duced in 1941, but only 35 were recorded during the 
1974 Point Pelee Park deer drive (Stewart 1977). 

The white-tail is an ancient species of the Great Lakes 
states, dating in Ohio and Ontario from the Rancholab
rean (Kurten and Anderson 1980). It was the single 
most important meat source at the Fairport Harbor site 
(Goslin 1943), and it was also used widely by the early 
Woodland peoples of Point Pelee (Keenlyside 1978), and 
by Mound Builders (Taylor 1956). 

For a discussion of recent deer populations on Pelee 
Island, see section below, Recent Introductions and 
Feral Species. 

There is no evidence that the original white-tailed 
deer of Pelee Island were any smaller than those of the 
mainland. The Erie islands, of course, form a chain per
mitting intergradation between populations. Other 
North American deer species have swum up to 14 miles 
(22.5 km) (Rue 1978).3 Deer have difficulty crossing ice 
unless they can walk very slowly, as described by Rue 
(ibid.). 

The carrying capacity of Pelee Island for deer really 
cannot be reconstructed but has been calculated for 
Point Pelee, (e.g., Henry 1972 and Theberge 1975), 
Michigan and Ohio. It is possible that Pelee Island sup
ported a peak population of 100 ± deer (see Taylor 
1956). Feral cattle, however, competed with deer for 
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browse and feral hogs competed for mast. There was 
also competition with elk, which may force deer out of 
some ranges (Taylor 1956). 

The elk or wapiti, moving south from Alaska com
monly in the Wisconsinan, may be considered a mem
ber of the boreal fauna (Kurten and Anderson 1980). Its 
remains were fairly common at Fairport Harbor but rare 
in the Sandusky area during the Late Woodland Period 
(Brose 1976). It was eaten in small numbers at Point Pe
lee, 600-700 A.D. (Keenlyside 1978). On Pelee Island its 
antlers were found in woods and reclaimed marshes 
(Smith 1926). It was extirpated from southwestern On
tario by 1830 (Oldham 1982), and the last Ohio record 
was 1838 (Enders 1930). The eastern race, Cervus elaphus 
canadensis Erxleben, still recognized by a number of au
thorities, is considered extinct throughout its North 
American range. Eastern elk occurred in bottomlands 
and woodlands as well as in prairie (Murie 1951). They 
are strong swimmers and may have swum to Pelee Is
land, where it is possible there were small sedentary 
herds. 

It seems remarkable to us that any carnivorous mam
mals survive for significant periods on Pelee Island. The 
pressure to protect such game assets as pheasants and 
cottontails is extreme. Nevertheless, five species of car
nivores have periodically inhabited the island and may 
be present there now: raccoon, mink, coyote, red fox 
and gray fox (see subsequent section, Recent Arrivals). 

The raccoon, mink and red fox probably reached the 
island at a very early date. The American mink was un
common in Pleistocene faunas, most of its fossil occur
rences falling within its present range (Kurten and 
Anderson 1980). Only a very few bones of it were found 
at Fairport Harbor, and by 1930 Enders reported it rare 
throughout Ohio. There is a record from Erie County, 
Ohio (Gottschang 1981). There is also a PPNP Museum 
specimen from 1968 (#G.B 68-1). Although mink have 
been reported as absent from Pelee Island (Smith 1926), 
the senior author recorded a set of mink tracks along 
Lake Henry (see Fig. 1) at the north end of the island on 
19 September 1975. J. Harris of Scudder reports that 
they occasionally appear, and trapped one in his marsh 
forty-five years ago. None have been reported in recent 
years (Trider, pers. comm. 1985). 

The raccoon was reported as occasional on Pelee Is
land until 1910, reappearing in the winter of 1950-51 
(Banfield 1962). However, Smith (1926) had reported 
them as plentiful, as had most old residents. Some claim 
that many of the recent occurrences are escaped pets, 
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coming in on boats and among loads of cargo. Various 
years in which they have been reported, for example, 
are: 1948 (two trapped, Fetherston 1949); March 1964 
(several, Hooper 1967); 1953-54 (two trapped, Stokes 
[1955]); 1971 (young one probably killed by dog in 
marsh, Campbell); 1983 (one shot, fide Township 
Clerk); 1984 (a large dead individual washed up on the 
north beach, photograph and pers. comm., J. Harris 
1985); and some raccoons recently on Fish and Light
house Points (Trider, pers. comm., 1985) (see fig. 1). 

The raccoon apparently dislikes swimming, although 
it is a reasonably good swimmer. When not dormant 
during winter it may cross ice (MacClintock 1981). This 
neotropical immigrant is still numerous in Ohio, and 
after a comeback, very common at Point Pelee (Stewart 
1977). Its decrease on Pelee Island in recent history has 
been the reverse of population trends elsewhere. At 
Fairport Harbor raccoon remains were common (Goslin 
1943) but on Point Pelee only small numbers have been 
found, 600 to 700 A.D. (Keenlyside 1978). It may have 
moved northward across Lake Erie very recently (Kur-
ten and Anderson 1980). 

The red fox was a late immigrant to North America, 
present by the Wisconsinan as far north as Tennessee in 
the east but only recently (A.D. 1000) ranging as far 
north as New England (Kurten and Anderson 1980 and 
Fox 1975). It was everywhere in rough country in Ohio 
(Enders 1930). After being plentiful on Pelee Island in 
the nineteenth century and earlier (Smith 1926), it has 
become rare and much persecuted in Essex County, in
cluding the island (Oldham 1982). It may now be only 
transient in PPNP, although several dens have been dis
covered (Stewart 1977). The same situation exists on Pe
lee Island, where a den was found at Fox Pond (see Fig. 
1) (Oldham 1981). By the time of Fetherston (1949) and 
Stokes [1955] it had not managed to become reestab
lished, although a few crossed on the ice occasionally.4 

There is a $50 township bounty at present (township 
clerk, pers. comm. 1985), and trappers are said to have 
taken eleven or twelve island foxes within two weeks in 
the fall of 1984. Most fox hunting is conducted on Pelee 
Island during the winter (Hooper 1967). On tiny East 
Sister Island six were shot in 1980 (J. Harris, pers. 
comm. 1985). 

Early Introductions 
Apart from the introduction of feral livestock and pets, 
restocking of muskrats, white-tailed deer, and gray 
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squirrels, and introduction of nutria and possibly rac
coon, there are several obvious and/or well-documented 
introduced mammals in the Pelee Island fauna. 

The eastern cottontail is one of these. Almost all au
thorities seem to agree that it was first introduced to the 
island between 1882 and 1884. The only ones to disagree 
are Hooper (1967) who stated that there were rabbits na
tive to Pelee Island c. 1800, and Anderson (1946). Cer
tainly cottontail remains are among those of the late 
prehistory of Point Pelee (Keenlyside 1977). Yet in 
southwestern Ontario the cottontail was long consid
ered not indigenous, even in Essex and Niagara coun
ties, where it was first reported c. 1870 (Fleming 1908). 
Perhaps like one of its chief predators, the gray fox, it 
was present in prehistoric and even early settlement 
times, and then disappeared for a long while. 

During the late Blancan and Rancholabrean it ap
peared as far north as Illinois and Pennsylvania. In the 
Fairport Harbor, Ohio, site a few bones were found. 
Later it became very abundant throughout Ohio (Enders 
1930). Ohio was probably the source of those intro
duced to Pelee Island. Cottontails also occur on East Sis
ter Island (Calvert 1920). 

On Pelee Island the cottontail became "extremely 
abundant" (Banfield 1962) with as many as one per acre 
in a peak year (Stokes [1955]), such as 1946 (Fetherston 
1949). A home range of one acre or less in summer has 
been documented elsewhere (Peterson 1966; Gott
schang 1981). Cottontails can swim if forced, and may 
also climb on board floating trash. They run across ice 
and snow bridges and also burrow beneath the snow's 
crust (Rue 1965). By these means they have reached the 
smaller islets. 

The eastern cottontail is the most important game 
mammal on Pelee Island. In some years it is nearly as 
abundant as the ring-necked pheasant, despite its losses 
to harvesting machinery and predators, including the 
feral cat and blue racer (Coluber constrictor foxi (Baird and 
Girard)). The present cottontail season on Pelee Island 
for nonresidents is January-February, with a bag limit of 
six per day, and 70-100 licenses issued each year (Town
ship clerk, pers. comm. 1985). Present numbers are 
somewhat diminished (J. Harris, pers. comm. 1985). 

In April 1985 on dusk roadside counts as prescribed 
by Chapman and Feldhamer (1982), our maximum 
count was 14 in 25.5 miles (41 km) (1/1.5 miles, 1/2.9 
km). At that time cottontails were noted in artificial hab
itats such as lawns, orchards, quarries, and open fields, 

and in numerous natural hedgerows, savannahs, up
land and lowland forests, and shoreline dunes. 

We examined all museum specimens of eastern 
cottontails from Pelee Island for external and cranial 
measurements. These are now under study with com
parative material. We noted that of eleven island speci
mens seven did not have white stars or blazes on their 
foreheads. Two of the series did not have the rusty 
napes characteristic of the species. 

Gray and black squirrels may or may not have been 
native to Pelee Island. One of the last ones reported was 
seen in 1912 (Jones 1912). The "very large and fine Black 
Squirrels" which he reported (op. cit.) were likely of this 
species and not melanistic fox squirrels. Stokes [1955] 
believed that gray squirrels were introduced by early 
settlers and disappeared after the introduction of the fox 
squirrel. On Point Pelee, where remains of the gray 
squirrel date from the Archaic Woodland Indian period, 
these squirrels now occur throughout the park. They 
are said to have been extirpated by the residents and re
introduced (Wilkes, pers. comm.). The gray squirrel 
dates back to the Irvingtonian as far north as Pennsylva
nia (Kurten and Anderson 1980), and its remains are 
common in food middens at Fairport Harbor. This 
squirrel is known to have increased greatly after settle
ment in some areas. Swarms swam the Niagara River 
and also emigrated from place to place in Ohio (Brayton 
1882). Such mass movements during population explo
sions are well documented elsewhere, and even immi
gration on grain cars is believed to occur (Woods 1980). 
Long excursions in late winter and spring and swims of 
up to a mile or even five miles (8 km) are well docu
mented (Barkalow and Shorten 1973). The loss of the 
gray squirrel on Pelee Island may be the result of the 
thinning of heavy timber and hunting pressure, rather 
than its being killed off by the fox squirrel (Fetherston 
1949). 

The (American) red squirrel is nowhere reported in 
literature for Pelee Island, and Smith (1926) stated that 
no squirrels were native to the island. Some seventy 
years ago a few were introduced but did not survive 
long (J. Harris, pers. comm. 1985). At one time they 
were presumed common throughout Essex County but 
were exterminated in PPNP by 1934 and perhaps from 
the county by 1981 (Oldham 1982). In northern Ohio 
they were formerly very abundant (Brayton 1882) and in 
western Ohio inhabited high, dry, glaciated woodland 
areas (Enders 1930). In the east the species has boreal 
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coniferous Appalachian affinities (Kurten and Anderson 
1980). That it did not cross the ice, swim, or raft to Pelee 
Island is surprising (see Hatt 1929). On the island it 
would have had competition from fox and gray squir
rels, and the absence of native conifers other than red 
cedar might have been an adverse factor (ibid.). 

The fox squirrel, Sciurus niger rufiventer G. St.-Hilaire, 
was first introduced to Pelee Island at some date be
tween 1890 (Banfield 1977) and 1893 (Woods 1980). The 
stock came from southern Ohio near Kentucky (Woods 
1980). The venters of these southern squirrels are bright
er fulvous than their northern counterparts (Brayton 
1882). Despite their southern origin, the Pelee Island 
specimens examined had coloration similar to those 
from Michigan and northern Ohio, with buffier venters 
and less orange on the tails than southern squirrels. We 
located one specimen in ROM (#20335), an adult female 
that was light silver gray with a tail like the normal ru
fous phase. A discussion of this species is deferred, 
pending a paper in preparation by Campbell and Need
ham on its morphology, behavior, and ecology on Pelee 
Island. 

The fox squirrel occurs sparingly and naturally in 
southern Manitoba near Winnipeg, formerly on Point 
Pelee, and recently at Niagara Glen, Ontario, as well as 
possibly along the Ontario-Minnesota border (Camp
bell, pers. data). 

Recent Arrivals 
The meadow vole, if an introduction to Pelee Island as 
most think, was surely not a deliberate one. Very few 
temperate islands are without microtines (Anderson 
and Jones 1967); however, Fetherston (1949) and Ban-
field (1962) seem to believe that this vole was imported, 
perhaps in hay. It was not mentioned by any authorities 
on the island fauna until 1947; and Banfield, during his 
1958 and 1960 trapping and surveying for evidence, 
found none. In April 1985 (and previously) Campbell et 
al. took seven specimens, in widely separated meadows 
and "prairie."5 Since the 1950s it has been trapped occa
sionally on Bay Point, Kelleys Island and Catawba Pen
insula (Fall et al., 1968). It is the second most abundant 
mouse in PPNP where it colonizes beaches (Stewart 
1977), thus rafting would be made more possible. In the 
Yarmouthian interglacial fauna, it indicated a cool 
northern climate with bogs and meadows (Kurten and 
Anderson 1980). (We are currently studying the mea
surements of individuals from Pelee Island.) 
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The coyote is a relatively recent invader of Pelee Is
land. In the Rancholabrean period it ranged to Pennsyl
vania (Kurten and Anderson 1980), but later retreated, 
and then reinvaded western Ohio and southern On
tario. The northeastern subspecies, commonly called 
brush wolf (Canis latrans thamnos Jackson, not C. /. la-
trans Say as often reported), had appeared in northwest
ern Ohio by c. 1930, whereas the first collected in 
southern Ontario at Thedford, Lambton County was in 
1919 (NMC). It was a considerable extension of this ani
mal's original Great Plains range (Young and Jackson 
1951). J. Harris (pers. comm. 1985) states that they ap
peared on Pelee Island about 1960, having been driven 
there. However, a coyote weighing 41.5 lbs. (18.8 kg) 
was shot in March 1948, after crossing the ice bridge to 
Pelee Island (Fetherston 1949). The coyote is a good 
swimmer and an extensive wanderer, individuals hav
ing travelled over 400 miles (644 km) (Young and Jack
son 1951). 

In Ohio records of this mammal are still scattered but 
include Ottawa and Erie counties (Gottschang 1981). 
These include a specimen from Kelleys Island in the 
Bowling Green State University collection. A population 
of six was estimated on Point Pelee in 1976 (Oldham 
1982).6 The skull of a Point Pelee specimen (#17303) ex
amined by us in NMC and variously identified previ
ously as "northern coyote" and "domestic dog," taken 
in 1943, showed many characteristics of the latter. A 
skin taken on the island and later examined by Camp
bell seemed to be pure coyote. Three animals killed 
there, 1980-85, seemed coyotes as well (township clerk, 
pers. comm. 1985). Tracks measured at the township 
dump in April 1985 by us fitted those of Canis latrans. 

Hall (1981) depicts the nominate race of the gray fox 
along both shores of Lake Erie. Several hundred years 
ago it was present in southwestern Ontario (Downing 
1946), and remains suggest that it also occurred in pre
historic times. In the Wisconsinan period it had reached 
Pennsylvania (Kurten and Anderson 1980), and during 
a climatic optimum (5550 ± 70 B.C.) it occurred at To
ronto (Churcher and Karrow 1963). A few bones were 
found at Fairport Harbor (Goslin 1943). After former 
postglacial abundance it became rare in Ohio (Enders 
1930). Increasing settlement and clearing of forests, 
along with the greater success of the red fox, contrib
uted to its decline. It was considered only accidental in 
Canada until it began an apparent reinvasion of its Ca
nadian range during the 1940s (Downing 1946). It had 
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been increasing in the northeastern United States since 
the 1930s (Fox 1975). J. Harris (pers. comm 1985) consid
ers the arrival of the gray fox on Pelee Island to be a new 
phenomenon: we have a well-documented sighting of 
one at the north end of the island in June 1980. We also 
have photographs of one skinned in the winter of 1984
85.7 It is ironic that although this canid is considered 
rare/endangered by the Committee on the Status of En
dangered Wildlife in Canada, it is bountied for $50 on 
the island. 

There is a discounted sight record for Point Pelee (see 
Downing 1946), and Gottschang (1981) shows a record 
for Sandusky County. On Pelee Island the mixture of 
large woodlots, cultivated areas, scrub and rocky terrain 
and the abundance of cottontails would suit the gray fox 
admirably were it not for intense persecution. Mobility 
is greatest in fall and winter (Fox 1975). 

Recent Introductions and Feral Species 
Possibly the newest mammal to become part of the Pe
lee Island fauna is the domesticated ferret, Mustela puto
rius Linnaeus, which has been reported in 1985 as 
escaped from rabbit hunters using it illegally (see Peter
son 1966). Specimens have been reported in the wild in 
southern Ontario by Campbell and Dagg (1972) but they 
have not persisted. Gottschang (1981) does not record 
this Eurasian mustelid in the wild state in Ohio. 

The nutria or coypu, a neotropical rodent, was ferally 
established in fourteen Ohio counties, not including 
Erie, Ottawa or Sandusky (Gottschang 1981).8 Banfield 
(1981) records escaped feral specimens at various points 
in southern Canada but not in southwestern Ontario. 
Whether these will survive a series of harsh Canadian 
winters remains to be seen. Peterson (1966) does men
tion wild-caught nutria from southern Ontario. A nutria 
was seen swimming across Lake Henry at the north end 
of Pelee Island on 19 September 1975 by two reliable ob
servers. The origin of this animal is unknown. It had the 
whitish muzzle typical of this species (Banfield 1981). J. 
Harris (pers. comm.) had heard of this rodent on the 
island. 

In fall 1974 a mature white-tailed deer doe arrived on 
Pelee Island. Some residents maintained that she had 
probably swum to the island. Island-to-mainland move
ments of five miles (8 km) are reported for this mammal 
(Schemnitz 1975). This doe was reportedly shot illegally 
during the winter of 1974-75. During spring 1975 a very 
tame "spikehorn" buck and small doe were present on 

the island. These were reportedly released from Ron
deau Provincial Park. In the summer of that year a doe 
with two fawns and a fully antlered buck, all very wary, 
were present.9 Campbell photographed deer tracks in 
the fall of 1975 at the southeast of the island; his last rec
ord for deer on Pelee was of a large doe that bounded 
into scrub on the Stone Road savannah. No deer were 
reported in 1976. 

The following feral mammals have not been listed in 
the tables for this paper. These species include the feral 
dog and the feral cat. Both Ball (1952) and Stokes [1955] 
reported the predation of dogs (running wild) upon 
pheasants.10 In our experience feral cats have been even 
more important predators on the island (also see Ball 
1952 and Stokes [1955]). 

About the year 1934 cattle were introduced to Pelee 
Island, and some were left wild, therefore competing 
with deer and elk (Hooper 1967). Horses were some
times left outside all year on the island, and some were 
never broken. 

Following Peterson (1966) and Chapman and Feld
hamer (1982), the feral domestic hog is also included. 
Those on Pelee Island fed on mast and roots and were 
hunted with dog and gun. They had been used to exter
minate the numerous rattlesnakes found on the island 
(pers. comm.). In 1885 a bylaw was passed forbidding 
hogs to run wild (Hooper 1967). 

Summary and Conclusions 
1. Because of overriding glaciation, mammalian rein

vasion of Pelee Island dates from the end of the Pleisto
cene. Apparently this has been insufficient time for the 
island mammals to develop such insular differences as 
gigantism, dwarfism, and radical convergence or diver
gence. Differentiation in the island populations, with 
the possible exception of some small rodents (e.g., Pero
myscus leucopus, analysis in progress) is not obvious. 

2. Early immigrants to Pelee Island were probably 
bats, muskrat, white-footed mouse, meadow vole, red 
fox, raccoon, (American) mink, white-tailed deer, 
(American) elk and man (the early Mound Builders). 

3. Early arrivals probably immigrated to the island by 
the following means: the bats by flight, the muskrat by 
swimming and/or crossing ice, the smaller rodents by 
rafting, the mink by uncertain means, the larger carni
vores by crossing on ice, and the artiodactyls by swim
ming and/or crossing ice or land bridges. 

4. Early "passive" introductions by man consisted of 
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the eastern cottontail, gray or black squirrel, fox squir
rel, (American) red squirrel; and "active" self-introduc
tions of Norway rat and house mouse. 

5. More recent introductions to the Erie islands were 
the nutria and the white-tailed deer (possibly a reintro
duction); and possibly escaped domestic ferrets. 

6. Recent unassisted arrivals are the coyote and the 
gray fox. 

7. It is difficult to ascertain from what directions 
mammals colonized Pelee Island. The red fox, unless 
from a population introduced to the south-central 
United States from Europe, probably came from the 
north. The gray fox most likely arrived from the south, 
reinvading southwestern Ontario after (re)occupying 
other parts of the province. The coyote undoubtedly 
spread from the northwest. The fox squirrel was intro
duced from southern Ohio. 

8. The Marsupials (Virginia opossum), Insectivores 
(both ancient orders), and Lagomorphs apparently all 
failed to colonize Pelee Island. Mammals of these orders 
are not good swimmers, but might have rafted or 
stowed away in vessels. 

9. Thus it is obvious that the mammalian fauna of Pe
lee Island is impoverished (see table 1). It has no relict 
or endemic species or as yet known subspecies, and it is 
missing many taxa. 

10. Pelee Island is part of a fringing archipelago 

which offers many "stepping stones" to mammals 
crossing from the south shore of Lake Erie. Pelee, as the 
largest island in the chain, would be expected to have 
the greatest species diversity, and it does. However, it is 
the most outward from the Ohio shore and is separated 
from the Ontario mainland by the Pelee Passage, a for
midable barrier. These factors seem to outweigh the 
other geographical aspects, and have led to its relative 
impoverishment. 

11. With the number of mammalian species currently 
present on Pelee Island, the immigration rate must con
stitute a falling curve. Limited space and intense compe
tition prevent much new establishment. Of the three 
tree squirrels present sympatrically on the island, only 
the fox squirrel has survived. At present, the situation 
with four canids (including the feral dog) inhabiting Pe
lee Island is a precarious one. 

12. The rate of extirpation on Pelee Island was at first 
quite high. One species disappeared at the time of white 
settlement, the largest and probably the scarcest—the 
(American) elk. Next to disappear from the island were 
the white-tailed deer, the (American) red squirrel and 
the gray squirrel. (Competition with livestock, damage 
to crops, and game hunting speeded the extirpation of 
the deer and elk.) The newest possible extirpation is the 
(American) mink, which has not been reported on Pelee 
Island in a decade. 

Table 15.1 A Comparison of the Mammalian Fauna of Pelee Island, Ontario, with Those of Southwestern Ontario 
and Northwestern Ohio 

Species 

VIRGINIA OPOSSUM 

MASKED SHREW 
SMOKY SHREW 
PIGMY SHREW 
SHORT-TAILED SHREW 
LEAST SHREW 

HAIRY-TAILED MOLE 
EASTERN MOLE 
STAR-NOSED MOLE 

LITTLE BROWN BAT 
NORTHERN LONG-EARED BAT 
INDIANA BAT 
SMALL-FOOTED BAT 
SILVER-HAIRED BAT 
EASTERN PIPISTRELLE 

Didelphis virginiana 

Sorex cinereus 

Sorex fumeus 

Sorex hoyi 

Blarina brevicauda 

Cryptotis parva 

Parascalops breweri 

Scalopus aquaticus 

Condylura cristata 

Myotis lucifugus 
Myotis septentrionalis 
Myotis sodalis 
Myotis leibii 
Lasionycteris noctivagans 
Pipistrellus subflavus 

Authority 

Kerr


Kerr

Miller

(Baird)

(Say)

(Say)


(Bachman)

(Linnaeus)

(Linnaeus)


(Le Conte)

(Trouessart)

Miller & Allen

(Audubon & Bachman)

(Le Conte)

(F. Cuvier) 

Occurrence 

SWO NWO 

SWO 
SWO 
SWO 
SWO 
SWO 

NWO 

NWO 
NWO 

SWO 
SWO 

NWO 
NWO 

SWO 
SWO 

SWO 
SWO 
SWO 

PI NWO 
NWO 
NWO 
NWO 
NWO 
NWO 



Table 15.1 continued 

Species Authority Occurrence 

BIG BROWN BAT 
EVENING BAT 
RED BAT 
HOARY BAT 

EASTERN COTTONTAIL 
EUROPEAN HARE 

EASTERN CHIPMUNK 
WOODCHUCK 
THIRTEEN-LINED GROUND 

SQUIRREL 
GREY OR BLACK SQUIRREL 
FOX SQUIRREL 
(AMERICAN) RED SQUIRREL 
SOUTHERN FLYING SQUIRREL 

(AMERICAN) BEAVER 

DEER MOUSE 
WHITE-FOOTED MOUSE 
SOUTHERN BOG LEMMING 
MUSKRAT 
WOODLAND OR PINE VOLE 
MEADOW VOLE 
NORWAY RAT 
HOUSE MOUSE 

MEADOW JUMPING MOUSE 
WOODLAND JUMPING MOUSE 

NUTRIA OR COYPU 

COYOTE 
RED FOX 
GRAY FOX 

RACCOON 

ERMINE OR SHORT-TAILED 
WEASEL 

LONG-TAILED WEASEL 
LEAST WEASEL 
(AMERICAN) MINK 
DOMESTICATED FERRET 
(AMERICAN) BADGER 
STRIPED SKUNK 
RIVER OTTER 

WHITE-TAILED DEER 

Eptesicus fuscus 

Nycticeius humeralis 

Lasiurus borealis 

Lasiurus cinereus 

Sylvilagus floridanus 

Lepus europaeus 

Tamias striatus 

Marmota monax 

Spermophilus tridecimlineatus 

Sciurus carolinensis 

Sciurus niger 

Tamiasciurus hudsonicus 

Glaucomys volans 

Castor canadensis 

Peromyscus maniculatus 

Peromyscus leucopus 

Synaptomys cooperi 

Ondatra zibethicus 

Microtus pinetorum 

Microtus pennsylvanicus 

Rattus norvegicus 

Mus musculus 

Zapus hudsonicus 

Napaeozapus insignis 

Myocastor Coypus 

Canis latrans 

Vulpes vulpes 

Urocyon cinereoargeteus 

Pryocyon lotor 

Mustela erminea 

Mustela frenata 

Mustela nivalis 

Mustela vison 

Mustela putorius 

Taxidea taxus 

Mephitis mephitis 

Lontra canadensis 

Odocoileus virginianus 

(Palisot de Beauvois)

(Rafinesque)

(Muller)

(Palisot de Beauvois)


(J.A. Allen) 
Pallas 

(Linnaeus) 
(Linnaeus) 
(Mitchell) 

Gmelin 
Linnaeus 
(Erxleben) 
(Linnaeus) 

Kuhl 

(Wagner) 
(Rafinesque) 
Baird 
(Linnaeus) 
(Le Conte) 
(Ord) 
(Berkenhout) 
Linnaeus 

(Zimmermann) 
(Miller) 

(Molina) 

Say 
(Linnaeus) 
(Schreber) 

(Linnaeus) 

Linnaeus 

Lichtenstein 
Linnaeus 
Schreber 
Linnaeus 
(Schreber) 
(Schreber) 
(Schreber) 

(Zimmermann) 

SWO 
SWO 
SWO 
SWO 

SWO 
SWO 

SWO 
SWO 

SWO 

SWO 
SWO 

SWO 

SWO 
SWO 
SWO 
SWO 
SWO 
SWO 
SWO 
SWO 

SWO 
SWO 

SWO 

SWO 
SWO 
SWO 

SWO 

SWO 

SWO 

SWO 
SWO 
SWO 
SWO 
SWO 

SWO 

111 

PI


PI


PI 

PI 

PI 

PI 
PI 
PI 

PI 

PI 
PI 
PI 

PI 

PI 
PI? 

NWO 
NWO 
NWO 
NWO 

NWO 

NWO 
NWO 
NWO 

NWO 
NWO 
NWO 
NWO 

NWO 

NWO 
NWO 
NWO 
NWO 

NWO 
NWO 
NWO 

NWO 

NWO 

NWO 
NWO 
NWO 

NWO 

NWO 
NWO 
NWO 

NWO 
NWO 

NWO 
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Table 15.1 continued 

Species Authority Occurrence 

Extirpated Species 

On Mainland Southwestern Ontario: 

(AMERICAN) PORCUPINE 
WOLF 
(AMERICAN) BLACK BEAR 
(AMERICAN) MARTEN 
FISHER 
MOUNTAIN LION 
LYNX 
BOBCAT 
WAPITI OR AMERICAN ELK 

On Pelee Island: 

GREY OR BLACK SQUIRREL 
(AMERICAN) RED SQUIRREL 
WHITE-TAILED DEER 
WAPITI OR AMERICAN ELK 

On Mainland Northwestern Ohio: 

SNOWSHOE HARE 
ROOF RAT 
(AMERICAN) PORCUPINE 
WOLF 
(AMERICAN) BLACK BEAR 
(AMERICAN) MARTEN 
FISHER 

WOLVERINE 
RIVER OTTER 
MOUNTAIN LION 
LYNX 
BOBCAT 
WAPITI OR AMERICAN ELK 
(AMERICAN) BISON OR 

BUFFALO 

Erethizon dorsatum 

Canis lupus 

Ursus americanus 

Martes americana 

Martes pennanti 

Felis concolor 

Lynx lynx 

Lynx rufus 
Cervus elaphus 

Sciurus carolinensis 

Tamiasciurus hudsonicus 

Odocoileus virginianus 

Cervus elaphus 

Lepus americanus 

Rattus rattus 

Erethizon dorsatum 

Canis lupus 

Ursus americanus 

Martes americana 

Martes pennanti 

Gulo gulo 

Lontra canadensis 

Felis concolor 

Lynx lynx 

Lynx rufus 
Cervus elaphus 

Bison bison 

(Linnaeus) 
Linnaeus 
Pallas 
(Turton) 
(Erxleben) 
Linnaeus 
(Linnaeus) 
(Schreber) 
Linnaeus 

Gmelin 
(Erxleben) 
(Zimmermann) 
Linnaeus 

Erxleben 
(Linnaeus) 
(Linnaeus) 
Linnaeus 
Pallas 
(Turton) 
(Erxleben) 

(Linnaeus) 
(Schreber) 
Linnaeus 
(Linnaeus) 
(Schreber) 
Linnaeus 
(Linnaeus) 

All nomenclature and distributions from Banfield 1981 for Canada, and Gottschang 1981 for Ohio, except for Fenton 1983, Peterson 
1966, and van Zyll de Jong 1983 for certain shrews, moles and bats, and for the ferret. 

13. Of the mammals which have reached Pelee Is
land, apparently on their own, and survived there, the 
"terrestrial hibernators" such as woodchuck, both 
jumping mice, eastern chipmunk, and striped skunk 
have never been present. The most successful wild spe

cies, by contrast, in arriving on the island unaided, are 
the rodents (2-4 species) and the canids (3). While pos
sibly they were assisted by some human aid, rafting in 
the case of the former group and crossing ice bridges in 
the case of the latter would account for most instances 
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of immigration. Foxes (species), feral cats,11 and mice 
have apparently managed to reach some of the smallest 
islands in the chain. 

14. Counting extirpations, Pelee Island has had three 
large mammals, twelve medium-sized mammals (red 
squirrel to coyote), and five small mammals inhabiting it 
in recent times. 

15. More trapping of selected habitats may reveal the 
presence of shrews, southern bog lemming and south
ern flying squirrel, of which we have found probable 
evidence, and other small mammals. Also the peninsu
lar effect of the Marblehead and Point Pelee peninsulas 
in relation to Pelee Island populations should be further 
studied. 

Lake Erie as a barrier to mammalian dispersal, with 
some subspeciation arising on both shores, also requires 
further study in our opinion. 
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Notes 

1 Refer to Humphrey (1975) for components of Nearctic bat 
communities. 

2 Baillie (1950) also collected red bats on Pelee Island in the 
summer. 

3 A large dead buck was washed up several years ago on 
the island (R. Trider, pers. comm. 1985). 

4 Red foxes are good swimmers also (Rue 1969). 
5 All blue racer scats from the island analyzed in 1976 con

tained meadow vole remains (Campbell 1976b). 
6 This is an increase of three individuals from Banfield's 

survey (Banfield 1947, unpublished). 
7 Several other gray foxes have been shot there (township 

clerk, pers. comm. 1985). 
8 For a discussion of the nutria in Ohio, see also Petrides 

and Leedy (1948) and Hall (1981). 
9 Tener (MS, 1949) indicated that the deer population of 

Point Pelee comprised three does, one fawn, and one mature 
buck. 

10 Many dogs were reported running wild in PPNP in 1949 
(Tener 1949). 

11 A feral domestic cat was the only mammal found living 
on tiny Middle Island during 1979 (Mineau and Markel 1981). 
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16 A History of Human Impacts on the 
Lake Erie Fish Community 

JEFFREY M. REUTTER AND WILBUR L. HARTMAN 

The fisheries scientist working in the island region of 
Lake Erie has access to an extremely large and diverse 
freshwater fish community. It is the intention of this es
say to discuss briefly that community and the impacts of 
human activities to provide future students and re
searchers with both current and historical information. 
Human settlements and development within the basin 
are discussed, followed by a description of the major 
stresses on the community, the impacts of those 
stresses, and the resulting or present-day fish 
community. 

Introduction 
Lake Erie provides the world's largest freshwater fish
ery with an annual harvest which frequently surpasses 
the combined total of the other four Great Lakes. Since 
the late 1970s, it has been known as "The Walleye Capi
tal of the World." A total of 138 species have been re
ported from Lake Erie, 114 are considered native, 35 
have been harvested commercially and 19 are consid
ered commercially significant (Leach and Nepszy 1976). 
The common perception of the general populace that 
Lake Erie is a "dead lake," is totally inaccurate. How
ever, the lake has had a history of severe degradation 
and it is only in the last 10 years that the effects of pollu
tion abatement programs and improved fishery man
agement policies have become evident. 

Development of the Basin 

The Indian Period 

Until recently most historians considered the first hu
mans to affect the lake basin in any way to be the Indi-

Contribution 689 of the National Fisheries Center-Great 
Lakes, U.S. Fish and Wildlife Service, Ann Arbor, Michigan. 

ans who lived around the lake from 600 to 1000 A.D. 
(Strothers and Yarnell 1976). These Indians were appar
ently changing from a purely nomadic, hunting subsist
ence to a lifestyle of summer camping in large groups 
near aquatic lowlands and growing maize in natural 
clearings (Burns 1985). However, recent archaeological 
discoveries at the mouth of Pipe Creek near Sandusky 
indicate Indian use of the area as a fishing site as far 
back as 500 B.C. The land alteration and number of fish 
harvested by any of these early Indian groups probably 
did not cause any significant change in the Lake Erie 
fish community. 

The Frenchman Joliet is normally credited as the first 
white man to see Lake Erie in 1669. It was the last of the 
Great Lakes to be discovered. The territory around Lake 
Erie had been very dangerous for travel because of the 
enmity of the Iroquois Nation. On the north shore the 
Iroquois had defeated the Neutral and Tobacco Indians 
who occupied the area from 1500 to 1650. On the south 
shore the Iroquois had defeated the Erie Nation. The ex
treme western end of the lake was occupied by Miami 
and Ottawa Indians, but their numbers were never very 
great due to intertribal wars. Thus, at the time of the 
discovery by Europeans, the Lake Erie region and its 
fish community were relatively unaltered by human 
hands (Burns 1985). 

The Early Pioneer Period 

Pioneers in the 1700s and 1800s had a survival ethic 
rather than a conservation ethic. Early farmers regarded 
the forest as an enemy and ruthlessly cleared as much 
land around their homes as possible. Harris and War
kentin (1974) commented on these early settlers by 
saying: 

Except where they happened on oak openings, Indian 
campsites,riverine marshes, or beaver meadows, set
tlers had to establish farms in the forest. For most of 
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them, the forest was unfamiliar and hostile, a barrier be
tween themselves and a farm. Those who acquired land 
in the oak openings often girdled the trees and planted 
among them; elsewhere they cut the trees, used oxen or 
horses to haul them into piles, and burned the piles. 
Without constant attendance clearings in hardwood for
ests quickly became patches of fireweed, chokecherry, 
and hardwood suckers; those in pine lands often 
sprouted in wild raspberries and poplar. Although some 
promotional handbooks claimed that a settler could 
clear, fence, and put under crops ten acres of land a 
year, far more commonly he was fortunate to clear two 
to three acres annually. At this rate, clearing and the 
subsequent struggle against the recolonization of clear
ings by forest weeds could take most of his productive 
life. Out of this work developed an ingrained hostility to 
the forest and, eventually, a severe over-clearing of the 
land. 

The over-clearing of Lake Erie's basin was also en

couraged by the rapid rate of population growth in the

region which reached 0.5 million by 1840 and 3 million

by 1900 (Beeton 1969). This over-clearing and popula

tion growth had drastic effects on Lake Erie's fish com

munity. Hartman (1973), after reviewing the literature,

made the following comments:


As European man settled the Lake Erie drainage basin 
during the 170CS and 1800's, he drastically changed the 
vegetative cover and the dynamics of the drainage. Great 
woodlands were deforested and broad prairies burned 
over, and converted torich farmlands. Land erosion 
markedly increased: streams andrivers became turbid; 
silt covered the once clean and important river and in
shore spawning grounds of such fishes as sturgeon, mu
skellunge, and lake whitefish; and silt eliminated beds of 
inshore rooted aquatic vegetation in shallow bays of the 
western basin and thus sharply reduced the quality of 
these nursery areas. The draining and filling of extensive 
marshlands destroyed other spawning grounds (e.g., for 
northern pike and sturgeon). Untreated wastes from 
sawmills, gristmills, slaughterhouses, steel factories, 
breweries, and towns were discharged directly into the 
lake or its tributary streams. The decomposition in rivers 
of large quantities of refuse from breweries and slaugh
terhouses apparently resulted occasionally in low oxy
gen levels and sizable fish kills. The hundreds of dams 
built during the mid-1800's for millsites also destroyed 
fish populations by making many upstream spawning 
areas inaccessible to sturgeon, walleyes, and white bass. 

The Fish Community 
Early fishermen encountered great numbers of walleye 
(Stizostedion vitreum vitreum), sauger (Stizostedion cana-

Vertebrate Distributions 

dense), blue pike {Stizostedion vitreum glaucum), small
mouth bass (Micropterus dolomieui), lake trout (Salvelinus 
namaycush), northern pike (Esox lucius), muskellunge 
(Esox masquinongy), and sturgeon (Acipenser fulvescens) 
which were taken with spears as they spawned in shal
low riffles in Lake Erie's tributaries. Trautman (1981) de
scribes adult sturgeon 1.5 m in length spawning on 
riffles that were 0.3 m deep and 3.0 m wide. Early seine 
fishermen could also encounter large numbers of lake 
herring (Coregonus artedii) and lake whitefish (Coregonus 
clupeaformis). 

Today the major fish predators within the Lake Erie 
fish community are walleye, yellow perch (Perca flaves
cens), white bass (Morone chrysops), white perch (Morone 
americana), smallmouth bass, channel catfish (Ictalurus 
punctatus), and freshwater drum (Aplodinotus grunniens). 
The major forage species are gizzard shad (Dorosoma ce
pedianum), alewife (Alosa pseudoharengus), emerald 
shiner (Notropis atherinoides), and spottail shiner (Notro
pis hudsonius) (ODNR 1985). Rainbow smelt (Osmerus mor
dax) are also abundant in the lake functioning both as a 
predator, because of their voracious appetite, and a for
age item, because of their small size. 

Human activities are the primary causes for the 
change from the fish community encountered by early 
pioneers to that which we see today. Some of the more 
significant areas of impact are discussed in the next 
section. 

Stresses on the Fish Community 
Stresses are distinguished as being natural or cultural. 
Natural stresses result from extreme or unusual mani
festations of physical, chemical, and biological variables 
that are largely independent of human activities, e.g., 
an unusually long winter or extremely high or low pre
cipitation. Cultural stresses are the direct or indirect ef
fects of human activities, e.g., commerical fishing and 
eutrophication or cultural eutrophication, cultural eu
trophication being the increase in the natural aging pro
cess of a lake (eutrophication) as a result of human 
activities. This is normally a result of a rapid increase in 
the nutrient supply caused by run-off of agricultural fer
tilizers and the input of domestic wastes. Typical effects 
on a lake include increased biological productivity, in
creased algal growth, increased turbidity, decreased 
transparency, increased oxygen depletion rates, and 
low dissolved oxygen or anoxic conditions within the 
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hypolimnion. Regier and Hartman (1973) classified the 
major stresses acting on the fish community as follows: 
the commercial fishery, cultural eutrophication, the in
troduction of new species, tributary and shoreline re
structuring, shoreline erosion and siltation, and the 
introduction of toxic materials. Because of its dramatic 
increase in the past ten years, sport fishing should be 
added to this list of major stresses. 

Commercial Fishing 
Commercial fishing in Lake Erie is generally considered 
to have begun in 1795 with a hook and line fishery at 
Presque Isle, Pennsylvania. However, no appreciable 
fishery existed until 1820, as at the outset populations of 
towns were small, preferred species were easily caught, 
and a good transportation system was not developed 
(Regier and Hartman 1973; Leach and Nepszy 1976). 
From 1820 to 1890 catches increased at a rate of approxi
mately 20% per year. From about 1890 to the late 1950s, 
catches (total weight) remained relatively stable while 
the intensity of fishing or fishing effort continued to in
crease annually. Improvements to the transportation 
system included the Erie Canal, completed in 1825, link
ing the Niagara River at Buffalo to the Hudson River, 
and the Welland Canal, completed in 1829, linking 
Lakes Erie and Ontario. 

Until 1850, the Lake Erie commercial fishery was pri
marily a seine fishery for lake whitefish, sauger, wall
eye, and smallmouth bass (Leach and Nepszy 1976). In 
1850, pound nets were first used in U.S. waters and in 
Canadian waters in 1869. In U.S. waters, gill nets were 
first used in the eastern basin in 1852. Their use in
creased rapidly reaching the western end by 1877. Ca
nadian fishermen did not use gill nets regularly until 
after 1900. The Civil War encouraged development of 
the fishery causing gill nets to be used further and fur
ther from shore until by 1880 they were being used 
throughout the lake (Regier and Hartman 1973). 

Trap nets, which are still used, became popular in 
U.S. waters in the late 1800s. They were banned in Ca
nadian waters until 1950. 

The efficiency and use of gill nets increased rapidly 
beginning with early nets made of coarse cotton twine 
and fished from rowboats. By 1900 this technology was 
improved by stronger cotton and linen nets and steam 
powered boats and gill net lifters. The efficiency of gill 
nets was further improved (by at least a factor of 2 or 3) 
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when nylon materials were introduced in the early 
1950s (Regier and Hartman 1973). Gill nets were banned 
from Ohio waters in 1984 following several years of se
verely restricted use. 

In the late 1800s and early 1900s, it was observed that 
the efficiency of gill nets at harvesting lake herring 
could be increased by setting the nets near the surface 
(canning-up). As a result extra deep gill nets (capable of 
fishing a much greater portion of the water column) or 
"bull nets" were introduced in 1905. Because these nets 
harvested many small whitefish, they were banned 
from U.S. waters in 1934 and a few years later from Ca
nadian waters. 

In 1960 the Canadian government introduced a test 
program of trawling for smelt (Burns 1985). Based on 
the success of this program many Canadian gill netters 
are now also equipped to trawl in the central and east
ern basins. On the U.S. side, trawling is illegal except as 
a research tool. 

Sport Fishing 

Historically the Erie islands and the entire south shore
line have been popular fishing spots. However, sport 
fishing pressure has probably never been as high as cur
rent levels. The growth of the charter fishery can be 
used as evidence. In 1975 there were thirty-four charter 
captains operating on Lake Erie. In 1984 there were al
most seven hundred. Winslow (1982) found that the av
erage sport fisherman came to the island region from 86 
miles away, made 7.7 trips per year and stayed 1.8 days 
per trip. Walleye, yellow perch, white bass, and small
mouth bass were the target species. Ohio sport fisher
men spend approximately 14 million human-hours per 
year fishing on Lake Erie and have harvested over 4 mil
lion walleye during a year. 

Cultural Eutrophication 

As stated previously, the clearing of the land, draining 
of the marshes, and population increases added to the 
flow of nutrients and sediment into Lake Erie. This in 
turn increased the lake's productivity and its rate of 
aging. 

Of all the nutrients entering the lake, phosphorus has 
been shown to be the most damaging. This conclusion 
was challenged by Legge and Dingeldein (1970) who 
maintained that carbon, required for the formation of 
organic matter, and not phosphorus, was the limiting 
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nutrient. After much debate described by Vallentyne 
(1974) in the Algal Bowl, it was shown that carbon could 
not be limiting because of the inexhaustible supply from 
atmospheric carbon dioxide (Burns 1985). 

While sedimentation was damaging spawning beds, 
the input of phosphorus and other nutrients was allow
ing phytoplankton populations to flourish which greatly 
increased oxygen depletion rates when they died and 
decomposed. This has allowed as much as 90% of the 
hypolimnion in the central basin to become anoxic each 
summer (Reutter et al. 1983). 

Until 1953 it appeared that eutrophication was not 
having the dramatic effect on the western basin that was 
being observed on the central basin. However, during a 
28-day calm spell during the summer of 1953, the west
ern basin stratified and the hypolimnion became anoxic. 
The result was a 90% reduction in the population den
sity of the large burrowing mayfly, Hexagenia sp. (Britt 
1955). The complete impact of this loss on the fishery 
cannot be determined, but it is known that Hexagenia sp. 
provided food for many of Lake Erie's fish and, al
though its densities had once exceeded 400/per m2, a 
benthic survey in 1973 and 1974 found no Hexagenia 
nymphs (Britt 1955; Britt et al. 1980). 

To reduce the eutrophication problem, nutrient con
trol measures were developed attempting to reduce the 
input of phosphorus. These measures have been some
what successful as shown in table 1, although total load
ing still exceeds the estimated maximum amount 
allowable to eliminate anoxia in the central basin 
hypolimnion. 

Table 16.1 Total Phosphorus Concentrations in the 
Western Basin of Lake Erie Expressed as Milligrams of 
Phosphorus per Cubic Meter 

Year Total Phosphorus Data source 

1942 W.I Chandler and Weeks (1945) 
1958 33 Beeton (1961) 
1959 36 Beeton (1961) 
1968 50 U.S. EPA (1970) 

1970 50.9 Burns, Rosa, and Chan (1976) 
1976 44.9 Fay and Herdendorf (1981) 
1980 28.8 Fay and Herdendorf (1981) 

Vertebrate Distributions 

Introduction of New Species 

Rainbow smelt, often considered to have had an ad
verse impact on native fish stocks, was first reported in 
Lake Erie in 1935. The species probably entered the lake 
through the Detroit River from an earlier introduction in 
the Lake Michigan watershed (Van Oosten 1937). It is 
an open water swimmer feeding primarily on crusta
ceans and plankton. Older specimens feed to some ex
tent on small fish and fish larvae. The number of smelt 
in the lake increased rapidly in the 1940s and reached 
commercial importance in 1953. The harvest increased 
steadily during the years 1953-1960, and then doubled 
in 1960 with the introduction of trawling in the central 
and eastern basins in Canadian waters (fig. 1). The har
vest peaked in 1982 and has declined rapidly since then. 

The sea lamprey (Petromyzon marinus) was first re
ported from Lake Erie in 1921 having entered through 
the Welland Canal. Although it has severely impacted 
fish stocks in the upper Great Lakes, its impact on Lake 
Erie was minimal because it entered after the major 
losses of the salmonids, its preferred prey. Also, by the 
time of the lamprey's entry, Lake Erie's tributaries no 
longer provided enough suitable spawning riffles for a 
large lamprey population. 

One of Lake Erie's most recent invaders is the white 
perch which was first reported in 1953 near Conneaut. 
The species did not appear in commercial landings until 
about 1980, but it has increased in abundance dramati
cally since then (fig. 2). The young-of-the-year trawling 
index developed by the Ohio Division of Wildlife 
showed a 15-fold increase for white perch between 1983 
and 1984 (ODNR 1985) (table 2). This tremendous in
crease is obviously having a dramatic effect on the for
age base and on the competitive interactions of the 
other predators. Much work is needed to determine the 
effect this new predator will have on the community. 

Erosion and Siltation 

The over-clearing of the land has allowed unusually 
high amounts of sheet erosion, while high water levels 
observed in the mid-1970s and mid-1980s have caused 
great amounts of shore erosion. As a result, although 
Lake Erie is the smallest of the Great Lakes, it receives 
the largest erosional load. Lake Erie receives 6.5 million 
tons per year, while Lake Superior, the largest of the 
Great Lakes, receives only 1.4 million tons per year and 
Lake Ontario, a lake similar in size to Erie, receives only 
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1.6 million tons per year (PLUARG 1978). This high rate 
of sedimentation has damaged spawning grounds and 
modified the benthic macroinvertebrate fauna. 

Toxic Materials 

Currently, health advisories warning people not to eat 
fish (in some cases, only specific species) because of 
contamination (primarily polychlorinated biphenols) are 
in effect in the Ashtabula River, Black River, Detroit 
River, Presque Isle, Raisin River, River Rouge, and 
Wheatley Harbor (David DeVault, U.S. EPA, Great 
Lakes National Program Office, personal communica
tion). Tumors and cancerous growths on ictalurids are 

from Lake Erie. 

common in these streams, but our knowledge of the fur
ther impacts of toxic substances on Erie's fish stocks is 
far from complete and an area of great concern. 

Impact of Stresses on Fish Community 
Lake Erie's fish community has been severely altered by 
the combined stresses described in the preceding para
graphs. Many species which were formerly abundant 
are now rare or extirpated—lake trout, lake herring, 
lake whitefish, and blue pike. The following paragraphs 
describe the demise of some of the more ecologically 
and/or commercially significant species. 
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Table 16.2 Young-of-the-year per Trawling Hour, Ohio's Western Lake Erie and Sandusky Bay 

Yellow White Freshwater Spottail Emerald Gizzard White 
Year Walleye perch bass drum shiner shiner shad Alewife perch 

1970 44 1,038 2,180 207 511 244 788 350 — 
1971 3 499 713 163 1,145 1,796 6,607 2,744 — 
1972 70 764 938 244 320 324 1,825 586 — 
1973 15 312 1,097 274 571 1,984 9,313 6,165 — 
1974 81 2,507 1,504 172 586 2,480 11,013 5,192 — 
1975 30 238 2,907 994 270 124 2,252 142 — 
1976 7 242 1,746 286 387 50 3,880 2,626 — 
1977 270 1,777 3,548 716 866 7,482 5,049 54 — 
1978 10 67 1,314 530 573 26 11,512 1,584 — 
1979 67 548 781 4,088 1,051 24 10,770 591 — 
1980 200 1,870 6,788 876 179 64 7,632 193 — 
1981 60 624 7,754 417 398 173 18,146 293 — 
1982 260 1,365 1,270 207 329 534 2,554 5 606 
1983 1 28 671 301 114 282 6,540 356 276 
1984 71 1,780 4,516 91 61 7 10,305 361 3,360 

Source : O D N R (1985)


Lake Sturgeon twenty years of age, but it is quite likely that damming 
The lake sturgeon was one of the first species to suc- of spawning tributaries also worked to reduce their 
cumb to the stress of over-fishing and habitat destruc- numbers. Because of their bony exterior and large size 
tion. These fish were particularly susceptible to over- (some in excess of 80 kg), they did severe damage to the 
harvesting because few individuals spawn before early gill nets in the 1850s and 1860s which were used 
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primarily to harvest lake trout, lake herring, and lake 
whitefish. As a result, fishermen devised stronger, 
larger nets to harvest the sturgeon which were some
times piled on the beaches and burned (Trautman 1981). 
As other uses were found for the fish, efforts to harvest 
them increased. In 1885, Ohio fishermen harvested 
240,971 kg of sturgeon from Lake Erie; the flesh was 
eaten, the eggs converted into 107,572 kg of caviar; 
24,5481 of oil were rendered; and the air bladders were 
converted into 126 kg of isinglass (Trautman 1981). 
From 1880 to 1920 their decline was rapid (fig. 3). 

Lake Herring 

The lake herring or cisco was a major commercial spe
cies from 1880 to 1925. This species was harvested pri
marily with gill nets until 1905 and collapsed in 1925 

under heavy pressure from bull nets. It reappeared 
briefly in 1945 and 1946 and then crashed again and is 
now commercially extinct (fig. 4). Regier et al. (1969) felt 
the 1925 crash was due to over-fishing as the Canadian 
fishery was rapidly increasing its efforts at a time when 
the stock was already under intensive pressure from the 
U.S. fishery. 

Lake Whitefish 

Lake whitefish were an important component of the 
fishery from the late 1800s until the mid-1950s. The har
vest was characterized by great fluctuations caused by 
the dominance of particular year classes (fig. 5). The de
mise of this species is probably due to habitat destruc
tion and deterioration as much as commercial 
exploitation. Trautman (1981) noted that spawning runs 
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into the Detroit River and Maumee Bay had been re
duced by pollution as early as 1900. Furthermore, be
cause the species is a cold stenotherm, anoxia within the 
hypolimnetic waters of the central basin relegated this 
species to the eastern basin. Lawler (1965) concluded 
that, because of temperature (too warm) and anoxia in 
the central basin hypolimnion, Lake Erie is a marginal 
environment for lake whitefish. 

Blue Pike 

The blue pike was probably an important component of 
the fishery well back into the 1800s. However, because 
of reports that lumped them together with walleye and 
sauger, an accurate record of their harvest is impossible 
prior to 1915 (fig. 6). From 1915, the harvest was charac
terized by major fluctuations, but it was a major compo
nent of the fishery until its collapse in the late 1950s. It is 
now extinct. 

There can be little doubt that a variety of factors led to 
the commercial extinction of the blue pike in 1959 and 
its virtual biological extinction by 1971. Year-class 
strength varied greatly during the critical years 1943-59 

Year


(Parsons 1967). The 1944 and 1949 year classes were ex
tremely strong, and the 1954 year class was the last 
good year class. All subsequent year classes were essen
tially failures. 

As a result of year-class failure, the average age of 
blue pike in the catch in 1957,1958, and 1959 increased 
greatly. Growth rates also increased greatly; blue pike in 
age-class III were nearly eight times heavier and 19.6 cm 
longer in 1959 than in 1951. These growth increases al
lowed for the rapid removal of immature fish by a com
mercial fishery which had greatly increased its efficiency 
during the same period with the advent of nylon gill 
nets. The harvest of immatures further reduced recruit
ment into the spawning population, especially for the 
1954-56 year classes (Parsons 1967). 

Along with increased fishing pressure and the harvest 
of immatures, dissolved oxygen problems in the central 
basin's hypolimnion forced the blue pike into the east
ern basin where Canadian harvests were bigger than 
ever immediately before the 1958 collapse. Regier et al. 
(1969) suggested that the final "mopping up" phase of 
the blue pike population was genetic desegregation 
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between blue pike and walleye, which resulted in the 
ultimate disappearance of the blue pike during in
trogression with the numerically abundant walleye. 

Commercial Fishery Harvest 

Historically, the commerical harvest has averaged ap
proximately 23,000 metric tons since 1915 (fig. 7). How
ever, the species composition of the catch and the 
portion harvested by the United States and Canada has 
changed drastically over the years. In addition to the 
lake sturgeon, lake herring, lake whitefish, and blue 
pike, several other species including the muskellunge, 
lake trout, and sauger have succumbed to commercial 
fishing pressure, cultural eutrophication, and habitat 

Fig. 16.5. Lake whitefish harvests 
Jin Lake Erie. 

destruction. These have been replaced in the harvest by 
smelt, yellow perch, white bass, white perch, carp (Cy
prinus carpio), and most recently, gizzard shad which are 
used as crayfish bait in Louisiana. 

Before 1954, U.S. production exceeded that of Can
ada. Since that time Canadian harvests have grown and 
U.S. harvests have been reduced almost to the point of 
insignificance. There are several reasons for this shift. 
The human population of the south shore of Lake Erie 
has grown much faster than that of the north shore. 
Burns (1985) sites the Civil War and the need to bring 
iron and coal together as the major reason for the rapid 
growth of ports and cities on the south shore. The larger 
U.S. population has lead to the development of a very 



172 P A R T 4 Vertebrate Distributions 

12,500

10,000

7,500

5,000

2,500 

Fig. 16.6. Blue pike harvests in Lake Erie. 

large sport fishery which has lobbied successfully to ob
tain greater and greater portions of the harvests. The 
U.S. commercial fishery, representing far fewer people, 
has seen its ability to harvest greatly reduced by regula
tions. The Canadian sport fishery is much smaller than 
the Canadian commercial fishery because the north 
shore is still quite agricultural with a much smaller 
population. 

Sport Fishery Harvest 

The growth of the Lake Erie, and specifically the Ohio, 
sport fishery must be recognized as having a significant 
impact on the fish community. The 1984 Ohio sport har
vest of walleye was 2,102 metric tons (ODNR 1985). 
During the 55 years between 1915 and 1970, this value 
was exceeded only 15 times by the entire commercial 
harvest of walleye from the lake. The 1984 yellow perch 
harvest by Ohio anglers was 58 times larger than the 
Ohio commercial harvest, and, in Ohio, smallmouth 
bass can only be harvested by sportsmen. Therefore, it 

Total 
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is obvious that sport fishing pressure must be consid
ered to be significant when reviewing the impact of hu
man activities on the Lake Erie fish community. 

The Present Fishery 
The fifteen years 1970-84 have been marked by tremen
dous changes in the Lake Erie fish community and great 
advances in our ability to manage the commercial and 
sport fisheries. Part of our improved management capa
bility is obviously due to the continual accumulation of 
information from research efforts that has increased our 
knowledge and understanding of the fish community 
and the impact of human activities on that community. 
However, improved cooperation in the control of sport 
and commercial harvests between the four states and 
the two countries bordering the lake through the Inter
national Joint Commission and the Great Lakes Fishery 
Commission has played an equally important role in im
proving the overall management of the Lake Erie fish
ery. Some of the more significant management 
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decisions included the closure of the commercial wall
eye fishery in 1970, the implementation of an inter
agency quota management system for western basin 
walleye harvests in 1976, and the closure of the Ohio gill 
net fishery in 1984. 

Walleye: A Success Story 
The 1970s began with a ban on the commercial harvest 
of walleye from 13 April 1970 to 1 March 1972 because of 
mercury contamination. The walleye harvest for the 
previous year, 1969, had been at an all-time low, 216 
metric tons, having fallen from the 1956 all-time high of 

Fig. 16.7. Commercial harvest 

of all species from Lake Erie. 

almost 7,000 metric tons (Baldwin et al. 1979). The mer
cury contamination ban may have saved the walleye 
population from the fate suffered by so many other spe
cies, for Ohio and Michigan did not reopen the commer
cial fishery following the ban, and, beginning in 1976, 
an interagency quota management system was imple
mented to control walleye harvests from the western 
basin. Ohio and Michigan fill their quota with sport-
caught fish, while Ontario has used its commercial fish
ery. The strategy was to rehabilitate the walleye popula
tion, and it has been successful. While the population is 
not restored to pristine characteristics, the fishable wall
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Fig. 16.8. Western Lake Erie fishable walleye population (age 2

and older fish). (ODNR 1985)


eye population (those fish two years of age and older) in 
the western basin has increased from less than 5 million 
in 1973 to almost 35 million in 1984 (fig. 8). Annual sport 
harvests from Ohio waters have increased rapidly from 
112,000 fish in 1975 to 2.2 million in 1977, and harvests 
since then have ranged from 1.7 million to the record 
1984 harvest of 4.1 million fish (fig. 9). This increase in 
the sport harvest has been most dramatic in the central 
basin, increasing from approximately 50,000 in 1982 to 
almost 800,000 in 1984 (fig. 10). 

Yellow Perch 

By 1983, yellow perch harvests had declined to less than 
20% of their 1969 peak of 15,057 metric tons. Young-of
the-year trawling indices also indicated a stressed popu
lation supported by an occasional strong year class (ta
ble 2). Following the lowest young-of-the-year index on 
record, in 1984 Ohio closed its gill net fishery in the cen
tral basin. Yellow perch populations in the western and 
central basins are currently undergoing extensive study 
by the Ohio Division of Wildlife and The Ohio State 
University's Cooperative Fishery Unit in an effort to 
quantify the effects of cultural eutrophication and deter
mine causes for slow growth rates observed in the west
ern basin (Dr. J. Margraf, Ohio Coop. Fish Unit, 
personal communication). 
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Fig. 16.9. Ohio sport harvest of walleye, 1975-1984. (ODNR 
1985) 
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Fig. 16.10. Sport angler harvest of walleye from Huron to Fair-
port, Ohio, 1975-1984. (ODNR 1985) 

Other Predators 

White bass harvests have averaged approximately 1,600 
metric tons for the past 25 years. However, because this 
population contains very few individuals over four 
years of age, it is susceptible to over-harvest and war
rants scrutiny. 

Rainbow smelt and white perch populations were dis
cussed earlier in this chapter. However, it is important 
to note again that the white perch may be the most nu



175 C H A P T E R 16 

merous predator in the lake and its meteoric rise since 
1982 (table 2) will undoubtedly have a major impact of 
the Lake Erie fish community which has not had time to 
stabilize. 

Forage Species 

It appears that increases in predator populations may be 
having an adverse effect on the forage base. Although 
gizzard shad populations appear relatively stable, 1984 
marked all-time lows for both spottail shiners and emer
ald shiners (table 2). Alewife populations have also de
clined significantly in the last ten years. This reduction 
in the forage base is of great concern at the present time 
as it could obviously overshadow all attempts to rehabil
itate predator stocks. 

Conclusions 
This essay has discussed human development of the 
Lake Erie basin and the impacts on the lake and its fish 
community. We have seen human harvests increase 
from the early Indians to the sophisticated Canadian 
trawlers and gill netters, and we have seen U.S. sport 
harvests surpass current and historical commercial 
harvests. 

Cultural eutrophication and our inability to manage 
adequately the fishery or control harvests have allowed 
historical harvests to fluctuate dramatically and severely 
impacted several species. Populations of sturgeon, mus
kellunge, lake herring, lake whitefish, lake trout, north
ern pike, and sauger have been severely depleted, and 
the blue pike is now extinct. However, other species, 
those which were introduced, carp, sea lamprey, white 
perch, and smelt, owe their complete existence in Lake 
Erie to humans and the impacts of these introductions 
are not totally understood. 

While much has been written on the demise of Lake 
Erie, the future of the remnant of Lake Erie's fish com
munity is bright. During the last 15 years, the impact of 
pollution abatement efforts and improved fisheries 
management has resulted in a dramatically growing 
walleye population and a south shore economy which is 
taking advantage of that population growth. Therefore, 
although many problems still exist (contaminants, ero
sion, sedimentation, etc.) efforts to rehabilitate Lake 
Erie and its fish community are meeting with success 
and should continue. 

Human Impacts on the Fish Community 
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17 Migration of the Monarch Butterfly, Danaus plexippus 
plexippus (L.) in the Island Region of Western Lake Erie 

SONJAE.TERAGUCHI


The monarch butterfly, Danaus plexippus plexippus (L.), is 
the only member of the Danaidae that breeds in the 
northern United States and Canada. The other danaids 
are almost exclusively tropical and none of them, even 
the monarch, are able to tolerate much freezing (Ackery 
and Vane-Wright 1984; Calvert et al. 1983). The mon
arch circumvents this limitation by undergoing spectac
ular migrations (Urquhart and Urquhart 1976, 1977, 
1978,1979a). 

The island region of western Lake Erie is centrally lo
cated within the summer breeding area of the eastern 
population of the monarch (Urquhart 1960; Urquhart 
and Urquhart 1979c). At least some of the islands are re
colonized each spring and serve as stepping stones to 
and from Ontario. The islands are a unique vantage 
point for observation of population dynamics and mi
gratory behavior. 

The Insect Migration Association 
The migratory routes and the overwintering areas of the 
eastern population were discovered by Fred and Norah 
Urquhart of the University of Toronto. Their work is 
summarized in two books (Urquhart 1960; Urquhart and 
Urquhart 1987) as well as in numerous scientific papers 
and articles. They organized an international tagging 
program in 1952 which evolved into the Insect Migra
tion Association (Urquhart 1960,1978). Since then, the 
program has involved over 4,600 associates and over 
500,000 monarchs have been tagged (F. Urquhart, pers. 
comm.). All the tagging data included in this report are 
from work done within the context of the Association. 
Associates receive research results and plans in the 
"Annual Newsletter to Research Associates of the Inter
national Association of Insect Migration Research," ed
ited by the Urquharts and produced by Scarborough 
Campus, University of Toronto. 

Life History 
In the western Lake Erie region of Ohio and Ontario, 
adult monarchs first appear each spring during the lat
ter part of May (Teraguchi, pers. obs.; Urquhart 1960; 
Urquhart and Urquhart 1979c). By this time the milk
weeds (Asclepias L.) needed for oviposition have 
sprouted. The region has at least eleven species of milk
weeds: amplexicaulis, exaltata, hirtella, incarnata, purpuras
cens, quadrifolia, sullivantii, syriaca, tuberosa, verticillata 
and viridiflora (Andreas and Cooperrider 1980; Scoggen 
1979) and the islands in western Lake Erie have at least 
four: exaltata, incarnata, syriaca and tuberosa (Core 1948; 
Dodge, 1914; Kellerman 1903; Schaffner 1902). Core 
found records for the presence of milkweeds on 15 of 21 
islands. The milkweed distribution is not static, at least 
on the small islands: Duncan and Stuckey (1970) visited 
seven small islands and found milkweed on only three 
of them, whereas Core listed six of the seven as having 
milkweed at some time. How often monarchs actually 
reach the different islands is unstudied. 

Eggs are usually laid on the underside of the leaves of 
small plants. Four or five days are spent in the egg 
stage, 13 to 21 days in the larval stage and about two 
weeks in the pupal stage (Urquhart 1960). The first new 
adults (from eggs laid around June 1) appear after the 
first week in July (Teraguchi, pers. obs.; Urquhart 1960) 
and these adults immediately begin oviposition. In con
trast, adults emerging in late August fail to produce ma
ture oocytes. The dissection of females caught near 
Toledo, Ohio, and on Kelleys Island found only 35% 
with mature oocytes during the week beginning 22 Au
gust and only 4% during the week beginning 29 August 
(fig. 1). Laboratory experiments in Minnesota (Barker 
and Herman 1976) showed that photophases of 10 and 
12 hours or temperatures of 50, 59 and 68° F prevent 
oocyte maturation in summer virgin females. The dis
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Fig. 17.1. Seasonal changes in the reproductive maturity of

female monarchs. Specimens collected at Toledo or Kelleys

Island, Ohio, in 1982-1985. The number of females used

to calculate percentages accompanies each data point.


sections of wild-caught females reported here show al
most complete inhibition of oocyte maturation by the 
week beginning 29 August, three weeks before the equi
nox and in temperatures that averaged 68° F or above. 
Average temperature for August was 68° F or higher in 
all four years (1982-85), and in 1983, the average tem
peratures during August were above 68° F on all except 
four days, August 10, 12,13,14 (U.S. Department of 
Commerce). Barker and Herman also showed that mi
grants captured in September produced mature oocytes 
in 5 or 6 days when held at 77° F and a 12-hour photo
phase. In 1983, no mature oocytes were found after 23 
August despite average temperatures during the last 
week of August that approached or exceeded 77° F on 
all days (U.S. Department of Commerce). 

Every September and October, adult monarchs be
come a noticeable part of the landscape in the western 
Lake Erie region. Qualitative observations indicate that 
abundances fluctuate widely from year to year, with es
pecially high abundances occurring every six or seven 
years. Beall (1941a) reported population peaks in south
ern Ontario in 1934 and 1940. Urquhart (1970, 1974) re
ported heavy migrations in 1950-51,1956,1962-63, 
1968, and 1970. On Kelleys Island, the last peak was in 

Migration and Immigration 

1981 and abundance was conspicuously low in 1984 
(from the numbers tagged by the Cleveland Museum of 
Natural History in 1979-1985 with similar amount of ef
fort: 99, 192, 690, 496, 223, 92, 366). Unfortunately, 
these data are only qualitative and most questions con
cerning year-to-year fluctuations in abundance require 
quantitive data gathered over a considerable period of 
time. Suitable data are not yet available. 

Monarchs disappear from the region by early Novem
ber and it was not until 1975 that their fate became 
known. In 1975, after forty years of study, the Ur
quharts discovered a major overwintering locus, the 
Angangueo locus, 9,000 feet up on the neovolcanic pla
teau in Mexico (Urquhart 1976; Urquhart and Urquhart 
1976). 

Fall Migration 
Between 1975 and 1985, eleven monarchs tagged in the 
northeast quadrant of the United States were recaptured 
in the Mexican states of Mexico and Michoacan (Ur
quhart and Urquhart 1978, pers. comm.). Two mon
archs recaptured at the overwintering grounds near 
Angangueo, Michoacan, in early 1984 were tagged on 
Kelleys Island, Ohio, on September 20 and 23,1983. 

Although the mystery of the final destination appears 
to be solved, at least for migrants from the western Lake 
Erie region, the intricacies of navigation and the ener
getics and mechanisms of travel have yet to be fully 
worked out. The island region offers several unique op
portunities for future study. 

There are several questions concerning the naviga
tional cues used by monarchs. Kanz (1977) hypothe
sized that monarchs get an overall heading by orienting 
toward the azimuth of the sun and by restricting the pe
riod of migration to the middle part of the day. He had 
observed that the resting positions of monarchs in a cir
cular area were highly correlated with the azimuth from 
1000 to 1400 EST but not earlier or later. There was no re
lationship between resting position in the arena and azi
muth when the sky was overcast (Kanz 1977), whereas a 
study of free-flying migrants (Schmidt-Koenig 1979) 
showed no effect of overcast on bearings. The report by 
Beall (1941b) of a reversal in the flight directions of mon
archs late in the day may be consistent with the idea of 
restricted orientation. It is possible that the reversal in 
flight direction was actually a change from migratory 
behavior to feeding and resting behavior. The tracking 
of monarchs flying over water could supply the head
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ings required to examine the role of sun orientation in 
the navigational system of the monarch because it 
would be possible to obtain accurate headings and to 
quantify both topographical and atmospheric 
conditions. 

Magnetic material has recently been detected in the 
head-thoracic region of the monarch (Jones and Mac-
Fadden 1982). The effects of magnetic fields on orienta
tion is well documented for a variety of organisms. 
Urquhart reports that experiments done in the Pacific is
lands support the idea that monarchs use magnetic lines 
of force in navigation (F. Urquhart, pers. comm.). 

It can also be hypothesized that topographical fea
tures such as shorelines and rivers modify the overall 
headings taken by monarchs. Although the recapture 
data might have been distorted by effects of rough ter
rain on recapture efforts, the data for monarchs tagged 
in the region of Toronto seem to indicate two different 
routes of migration, eastern and western, separated by 
the Appalachian Mountains (fig. 2). On the western 
route the expected southwesterly heading seems to be 
modified by the shoreline of Lake Ontario and by the 
Ohio and Mississippi rivers. A study of the routes taken 
around and across western Lake Erie would contribute 
significantly to the understanding of the factors affect
ing the routes used during the entire journey. 

Migration of the Monarch Butterfly 

There are also several questions concerning the effect 
of wind on monarch flight. Beall (1941a, b) observed 
monarchs as they left the north shore of Lake Erie in 
winds of eight miles per hour. Over water, with winds 
from the south they traveled low and into the wind. 
With winds from the north, the southerly movement 
was still accomplished but at a much greater height and 
with the butterflies still heading into the wind but drift
ing backwards. However, observations of migrants over 
land (Schmidt-Koenig 1979), in winds of 0-7 miles per 
hour, did not reveal any tendency to head into the 
wind. Monarchs moved generally to the southwest in 
accordance with the orthodrome direction to the over
wintering grounds in Mexico. Migration in headwinds 
was usually close to the ground while migration in tail
winds was at altitudes up to and beyond the range of 
visibility. 

It has been hypothesized that winds often affect mon
arch flight by blowing them off course (Urquhart and 
Urquhart 1979b), and that monarchs regularly compen
sate for wind-drift (Schmidt-Koenig 1979). It has also 
been hypothesized that monarchs do more than just 
compensate for winds, that they actively exploit both 
wind and lift during migration. Schmidt-Koenig ob
served that monarchs behave like soaring birds in ther
mals and Gibo and Pallet (1979) hypothesized that 

Fig. 17.2. Recapture of monarchs 
tagged in metropolitan Toronto, 
Ontario. Data from Urquhart 
(1960 and pers. comm.). Arrow, 
site of tagging; solid circles, 
site of recapture. 
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monarchs use soaring flight to conserve energy. Gibo 
and Pallet studied aerodynamic properties and flying 
strategies and concluded that not only do monarchs ex
ploit tailwinds and avoid strong headwinds, they also 
exploit both thermal and slope lift. Monarchs have been 
observed by glider pilots soaring in lifts at altitudes up 
to 4,125 feet (Gibo 1981). Gibo concluded that previous 
ground-based observations of flight strategies examine 
only a small portion of the air column that migrating 
butterflies actually occupy. 

Tagging records suggest that monarchs travel, on the 
average, 40 to 50 miles per day. Urquhart (1960) reports 
that monarchs cruise at 11 miles per hour so the average 
distance could be covered in about four hours. These 
rates are consistent with the idea that the migration is 
accomplished mainly by powered flight. 

Some recapture records cannot be explained by pow
ered flight. One example is the monarch tagged at 
Kelleys Island and recaptured five days later in Somer
ville, Texas, 1,000 miles away. The overall heading is 
southwesterly but the rate of travel is 200 miles/day. It 
seems likely that this feat required the assistance of the 
wind. There were surface winds from the northeast of 

Fig. 17.3. Recapture of mon
archs tagged at Point Pelee, 
Ontario. Data from Urquhart 
(1960 and pers. comm.). Arrow, 
site of tagging; solid circles, site 
of recapture. 

Migration and Immigration 

more than 20 miles per hour throughout the area trav
elled for all five days (U.S. Department of Commerce). 
With a 20-mile-per-hour assist, a monarch could cruise 
at 30 miles per hour, and at 30 miles per hour it needs 
only 30 to 35 hours of flying time, or five 6 or 7 hour 
days to cover 1,000 miles. 

The recapture records for monarchs tagged at Point 
Pelee suggest that strong winds often cause monarchs 
to deviate from a southwesterly heading (fig. 3). Six rec
ords are available and of these, four had an easterly or 
southeasterly heading. All four of the aberrant records 
had experienced strong west or northwest winds during 
the flight period (Urquhart and Urquhart 1979b). 

Summary 

This paper summarizes what is known about the biol
ogy of the eastern population of monarchs, presents 
new data on reproductive status of females during the 
onset of migration, and enumerates several unanswered 
questions amenable to study in the western Lake Erie 
region. 

The island region offers unique opportunities for the 
study of monarchs because it is strategically located 
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within the summer breeding area. Significant numbers 
of monarchs breed north of Lake Erie and must circum
navigate or cross the lake each fall. The islands form a 
series of stepping stones leading across the lake from 
Point Pelee to Marblehead and are an alternate route to 
a more westerly route around the lake and through 
Michigan. This configuration of land and water offers 
opportunities for the examination of questions concern
ing sun orientation and the effects of wind and lift on 
flight. 

In addition, the islands are definable units with re
stricted access. These features make total censusing 
both possible and useful. Total censusing could be used 
to study factors determining spring colonization and 
summer breeding success as well as factors determining 
fall immigration and emigration rates. 

Finally, data on the reproductive status of female 
monarchs in the western Lake Erie region during Au
gust, September, and October could not be totally ex
plained by published laboratory studies on the effect of 
photoperiod and temperature on reproduction. 
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18 Winter Immigration Abilities and Insular Community 
Structure of Mammals in Temperate Archipelagos 

MARKV. LOMOLINO


For insular faunas, species richness and species compo
sition should be influenced by factors affecting immigra
tion as well as extinction. Many studies have provided 
valuable insights into the importance of island area, 
habitat characteristics, and other factors affecting extinc
tion (or equivalently survivorship) of insular popula
tions. In contrast, relatively few studies have focused on 
the other side of the coin, immigration, and the ways in 
which differences in isolation and vagility affect insular 
community structure. 

One reason for the paucity of such studies is that di
rect investigation of immigration is logistically unfeasi
ble for most insular faunas. In addition, inferences 
drawn from studies of colonization (i.e., the appearance 
of new species) are confounded because the latter is in
fluenced by numerous factors in addition to immigra
tion abilities (e.g., birth and death rates and niche 
breadths of founders). For a few insular faunas, how
ever, immigration may be studied directly, thus allow
ing a test of the hypothesis that differential immigration 
abilities play an important role in determining insular 
species composition. 

Archipelagos in larger lakes or rivers that freeze dur
ing winter provide an opportunity to study immigration 
by tracking the movements of mammals on the snow-
covered ice. Even without the use of tracking studies, 
the importance of immigration abilities may be exam
ined, albeit indirectly, by testing whether winter-active 
species are more frequent members of insular communi
ties than are seasonally inactive species or hibernators. 

Jackson (1919) was perhaps the first to comment on 
the effects of winter inactivity on insular occurrence of 
mammals. As he noted, although the Apostle Islands of 
Lake Superior were inhabited by most winter-active 
species of this region, the seasonally inactive species 
(Tatnias striatus, Eutamias minimus, Spermophilus tridecem

lineatus, Marmota monax, Mephitis mephitis, Erethizon dor
satum, Zapus hudsonius, and Ursus americanus) were not 
recorded on these islands. These winter-inactive spe
cies, although common on the mainland, were also ab
sent from the islands in Lake Michigan studied by Hatt 
et al. (1948). Cameron (1958) and Denman (1965) re
ported that there were no true hibernators on the is
lands in the Gulf of St. Lawrence, except for the bats. 
Similarly, of the 14 species on Pelee Island in Lake Erie, 
the only two hibernators detected by Banfield (1961) 
were the bats (Myotis lucifugus and Lasiarus borealis: see 
also Campbell, this volume). In a study of 32 islands in 
Basswood Lake, Minnesota, Beer et al. (1954) reported 
that all six of the nonhibernating species of mammal he 
captured on the mainland were also captured on the is
lands. In contrast, of the three hibernating species (Tam
ias striatus, Eutamias minimus, and Zapus hudsonius) only 
the meadow jumping mouse (Z. hudsonius) occurred on 
any of the islands. As Beer et al. (1954) concluded, al
though water seems to be an effective barrier to travel 
during summer, the winter ice cover in temperate archi
pelagos often serves as a highway for immigration and 
emigration of the various winter-active species (see also 
Pruitt 1951; Banfield 1954; Crowell 1986). 

The above findings, although supporting the conten
tion that immigration is important, share the perhaps 
debatable assumption that winter-inactivity is a reliable 
indicator of immigration abilities (relative or absolute). 
Species designated as seasonally inactive, however, 
may travel across ice, and certainly other factors beside 
winter activity influence immigration abilities. The 
assumed relationship between winter activity and immi
gration abilities is not only questionable, but unneces
sary because more direct tests may be conducted by 
tracking mammalian movements on snow-covered ice. 

The purpose of this paper is twofold. First, I describe 
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the patterns of cross-ice movements of mammals in one 
temperate archipelago, the Thousand Island Region of 
the St. Lawrence River, and examine the energetic and 
ecological correlates of these movements. I then com
pare the patterns of cross-ice movements with those of 
insular species occurrence to test for the importance of 
winter immigration abilities as a determinant of mam
malian community structure on islands. 

Methods 
To examine the factors affecting cross-ice movements of 
mammals, I conducted 33 tracking surveys along the St. 
Lawrence River: three in the vicinity of Chippewa Bay 
during 1978 and another thirty in the vicinity of Chip
pewa Bay from 1979 through 1982 (fig. 1). The distribu
tions and general ecology of mammals in this region 
have been described by Werner (1956), Wright (1978), 
and Lomolino (1982,1983, and 1984). The reptilian, am
phibian and avian faunas have been described by Wer
ner (1954), and the terrestrial vegetation has been 
described by McNeil and Cody (1978). 

The following description of the ice cover in this re-

Fig. 18.1. Map of the St. Lawrence River.

Areas where winter tracking surveys were conducted are

indicated by hatching and enclosed in brackets.


gion is taken from Marshall (1978). During an average 
winter, the waters of the St. Lawrence River begin to 
freeze in early to mid-December. Ice formation begins in 
the shallow bays and creeks, extends to the littoral shelf 
areas, and eventually to the deep channels, usually by 
January 10. The entire period of ice formation typically 
lasts five or six weeks. The sequence of ice erosion is the 
reverse of that of its formation, so that the bays, littoral 
shelves, and channels have an ice cover for approxi
mately 120,100, and 80 days, respectively. 

Because of the variability of the ice cover from year to 
year, and its instability during periods of formation and 
erosion, my tracking surveys were restricted to the pe
riod of relatively stable ice cover, i.e., January to mid-
March. Surveys were run with a snowmobile and en
tailed traveling parallel to and approximately 10 m from 
the mainland and adjacent insular shores. Each survey 
began at about 1000 EST and lasted for 1 to 2 hrs depend
ing on the number of tracks encountered. Surveys were 
run at slow speeds (~5 to 10 km/hr) to ensure detection 
of all tracks, and were run only when tracking condi
tions were suitable for detecting tracks of even the 
smallest species. The location, direction, and extent of 
all tracks encountered were recorded on field maps 
(Lomolino 1983, Appendix A). Only those tracks 
formed within the previous twenty-four hours were re
corded (surveys were run daily following snowfall). 

Distances traveled by canids, which were quite exten
sive, were measured from field maps. Distances trav
eled by noncanids were measured with a device which 
consisted of a running wheel equipped with a counter 
and mounted on a 90-cm length of wood (Lomolino 
1983). The design of the running wheel provided good 
traction on all types of snow without accumulating 
snow on its surface. The device was calibrated by draw
ing it over a measured distance and recording the num
ber of revolutions on the counter. Tracks were followed 
from beginning to end to record total distance traveled 
across the ice. 

Daily maximum and minimum temperatures, and 
snow thickness on the mainland were taken from Cli
matological Data for Ogdensberg, New York. Correla
tion analyses (Pearson product-moment correlations) 
were used to examine the relationships between these 
variables and cross-ice movements. Day of the year 
(where Jan. 1 = day 1) was also included in this analysis 
to test for a possible temporal determinant of cross-ice 
movements independent of coincident climatological 
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factors (e.g., warmer days toward the end of winter). 
Snow thickness on the ice was not included as a variable 
in this analysis because it varied little during tracking 
studies (usually 2 to 5 cm). Similarly, because good 
tracking conditions called for little wind and soft snow, 
wind velocity and snow hardness, although potentially 
important determinants of winter movements, were not 
included as variables in this analysis. 

Results and Discussion 

I. Winter Movements 

General Description of Movements 

With the exception of canids, all mammals accelerated 
as they left the shoreline and traveled rapidly (indicated 
by track pattern) during cross-ice movements. Although 
foxes and coyotes did walk across the ice, their tracks in
dicated that they moved in direct paths between points 
along the mainland or ice, stopping only to scent-mark 
vertical features on the ice, or occasionally engage in 
various types of social interaction (indicated by track 

pattern and canid fur). On three occasions, fox tracks 
were found alongside rabbit fur, scats, and blood, indi
cating that foxes may have killed the rabbits on the ice. 
Frequently, foxes traveled along the shores (but on the 
ice) for considerable distances before heading inland or 
crossing to the adjacent shore. Mink also exhibited this 
tendency to travel along the shore before taking direct 
routes across the ice. 

The only instance where a noncanid paused during 
cross-ice movements was that involving a meadow vole 
that stopped eight times to attempt tunneling during a 
210-m path over the ice. Since the snow-cover was less 
than 5 cm, this vole could not find refuge and, thus, 
continued its journey, returning to the mainland some 
100 m from where its trail originated. 

Twenty-seven immigrations and twenty-five emigra
tions by noncanids were detected during this study (ta
ble 1: here immigrations and emigrations simply refer to 
movements on to or out from an island and are not 
meant to imply colonization or extinction). These move
ments were invariably across straightline paths between 
the nearest points of adjacent shores. This includes a 
595-m immigration by a meadow vole to Galop Island 

Table 18.1 Summary of Cross-ice Movements of Terrestrial Mammals during 33 Track 
Surveys along the St. Lawrence River 

Frequency of # of tracks Distance traveled (m) 
Species occurrence (%) per survey Total Max. Mean-

Canis latrans 

Vulpes vulpes 

Proa/on lotor* 

Mustela vison' 

Ondatra zibethicus' 

Mqjhitis mephitis 

Sylvilagus floridanus 

Sciurus carolinensis 

Tamiasciurus hudsonius 

Condylura cristat 

Microtus pennsylvanicus 

Peromyscus leucopus 

Blarina brevicauda 

76 2.67 67,355 5,315 765 
97 10.52 176,322 2,320 508 
3 0.06 245 140 123 
9 0.21 1,883 785 269 
6 0.12 1,978 650 330 

12 0.30 3,142 785 393 
18 0.30 3,780 950 378 
6 0.15 710 160 142 

15 0.39 1,675 285 129 
9 0.30 1,266 1,068* 127 

18 0.36 2,690 595 224 
9 0.18 114 36 19 
3 0.06 522 475 261 

Species are listed in order of decreasing body size. See table 4 for common names of these species.

"Semiaquatic species. -Mean distance traveled per track.

This mole was found dead at end of trail (ambient temperature range = 18.5 to -1.5°C).
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from the U.S. mainland near Tibbits Bay (Lomolino

1983). This tendency to minimize distance traveled

across the ice during interisland movements is best typi

fied by the squirrels whose 15 interisland movements

occurred between adjacent shores along a string of is

lands from Oak to Atlantis islands in Chippewa Bay

(fig. 1; see also Lomolino 1983, Appendix A).


Short-tailed shrews (Blarina brevicauda) and star-nosed 
moles (Condylura cristata) were the only species that 
traveled in erratic paths over the ice. However, tracks of 
these species became erratic only after covering consid
erable distances (100 m for Blarina and 600 m for Condy
lura). On one occasion, a Condylura plowed a trough 
through snow of about 5 cm at an oblique angle from 
the shore. It then stopped and popped its head out 
above the snow, and returned directly (taking the short
est route) to the shoreline, approximately 10 m away. 
Therefore, these more fossorial mammals may be able to 
orient for at least short distances, although their rela
tively poor eyesight limits their ability to travel effi
ciently over long distances across the ice. Despite the 
twelve, sometimes extensive, cross-ice movements by 
the insectivores (table 1), successful immigrations were 
never recorded for these species. 

Frequency and Extent of Cross-ice Movements 

Tracks of 13 species of terrestrial mammals were en
countered during the 33 surveys (table 1). Overall, 516 
tracks were encountered which covered a total distance 
of 261.7 km. Canids (red fox and coyotes) utilized the ice 
most extensively, accounting for 435 tracks and 243.7 
km traveled. In contrast, tracks of large noncanids (grey 
squirrels and larger species) were encountered 38 times 
(11.7 km) while those of small mammals (red squirrels 
and smaller species) were encountered 43 times (6.3 
km). 

The absence of white-tailed deer (Odocoileus virgini
anus) in the tracking record at Chippewa Bay is surpris
ing in view of its frequent sighting by residents along 
other parts of the St. Lawrence River. Wright (1978) re
ported that deer were the most frequently sighted mam
mal on the ice upstream (southwest) of Chippewa Bay, 
with 12 of 49 (24%) residents reporting this species. Sim
ilarly, I reported that this species was the second most 
frequently sighted mammal on the ice downstream of 
the Bay (7 of 55 residents, 13%; see Lomolino, 1983, Ap
pendix D). Although not during a tracking survey, I did 
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Table 18.2 Spearman's Rank Correlation Coefficients 
for the Relationship between Body Size and Cross-ice 
Movements of Terrestrial Mammals along the St. 
Lawrence River 

Parameter rs t 

Frequency of occurrence + 0.69 2.69* 
# tracks per survey + 0.65 2.41* 
Total distance traveled + 0.85 4.56*** 
Maximum distance traveled + 0.67 2.55* 
Mean distance per track + 0.71 2.85** 

* P < 0.05, ** P < 0.02, and *** P < 0.002 (t-test) 

track a deer which crossed the river from Canada to Tib-
bits Bay (2.1 km) on February 15,1979. Earlier that 
month, Nick Hyduke (personal communication) re
ported a different deer track along this same route. Ap
parently, deer restrict their movements to particular 
regions of the ice, and Chippewa Bay did not include 
one of these regions (see Fuller and Robinson 1982). 

To test the prediction that larger species of mammals 
move more frequently and more extensively across the 
ice, species were ranked according to body mass (table 
1). I tested for correlations between body size of the ten 
terrestrial species and frequency of occurrence, number 
of tracks encountered, and total, maximum, and mean 
distance traveled per track. Each of these parameters 
was positively correlated (P <0.05) with body size of the 
species (table 2). 

Winter Movements and Weather 

Cross-ice movements of mammals were positively cor
related with air temperatures, especially in the smaller 
(noncanid) species. Overall species richness on the ice 
and total distance traveled by both the large noncanids 
and small mammals were positively correlated with 
daily maximum air temperatures (P <0.02; table 3 and 
fig. 2). Cross-ice movements of the canids, however, 
were not correlated with ambient temperatures (fig. 2). 

In contrast to maximum ambient temperatures, mini
mum temperatures and day of the year (January 1 = 
day 1) were not important determinants of cross-ice 
movements (fig. 2). Any apparent correlations between 
movements and these variables probably resulted from 
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Table 18.3 Correlation Matrix for the Effects of 
Environmental Conditions on Cross-ice Movements of 
Mammals along the St. Lawrence River 

TMAXC TMINC DAY SNOW 

s 0.423** 0.351* 0.426** -.329 
(0.001) (0.285) (-.305)

SUMALL 0.038 0.077 -.061 -.367* 
(0.081) (-.089) (-.366*) 

SUMCAN -.080 -.016 -.173 - . 3 4 1  
(0.090) (-.154) (-.356*) 

SUMNON 0.452*** 0.367 0.463*** -.079 
(0.017) (0.318) (0.022)


SUMSMA 0.416** 0.312- 0.321- -.159

(0.066) (0.157) (0.166)


TMAXC - 0.829*** 0.469*** -.131

TMINC — 0.304 -.208

DAY 0.269


Note: TMAXC = maximum daily temperature, TMINC = 
minimum daily temperature, DAY = day of the year (1 January 
= day 1), and SNOW = snow thickness on the mainland. S = 
species richness, SUMALL = sum of distance traveled by all 
species, SUMCAN = sum of distance traveled by the canids, 
SUMNON = sum of distance traveled by the large non-canids, 
and SUMSMA = sum of distance traveled by the small 
mammals (red squirrels and smaller species). 

~ 0.10 > P > 0.05, * P < 0.05, ** P < 0.02, and *** P < 0.01. 
Pearson product moment method. Values in parentheses are 
correlation coefficients after partialling out the effects of TMAX. 

their positive correlation with maximum air tempera
tures (P <0.01; table 3). In fact, cross-ice movements 
were not significantly correlated with minimum temper
atures or day of year once the effects of maximum tem
peratures were partialled out (values in parentheses in 
table 3). 

Because of exposure to the sun and wind, and melt
ing caused by heat from the water below, snow accumu
lation on the ice remained between 2 and 5 cm. On the 
mainland, however, the thickness of the snow cover 
was variable and mammalian cross-ice movements 
tended to be inversely correlated with this parameter 
(table 3, fig. 2). That is, mammals traveled on the ice 
most when snow accumulation on the mainland was 
minimal (< 20 cm). As Pruitt (1970) observed, supraniv
ean activity of small mammals decreases dramatically 
when snow cover reaches a thickness of 15 to 20 cm. 

Mammals in Temperate Archipelagos 

The reason for this is probably twofold. First, as Formo
zov (1964) extensively documented, such snow cover 
presents a considerable obstacle to supranivean move
ments of most mammals, especially the smaller species. 
Second, snow thickness over 15 cm provides an excel
lent thermal refuge, insulating small mammals from ex
tremely cold temperatures and drastically reducing their 
chances of being detected by predators (Pruitt 1959; For
mozov 1964). Although voles and cottontail rabbits 
seemed to have moved most during the three surveys of 
thick mainland snow cover, this result is probably spu
rious because these surveys all took place during warm 
periods (Tmax~0C). 

In summary, the noncanids moved directly and rap
idly while traveling over the ice, rarely stopping and 
then only for short periods. In addition, their interis
land movements were invariably between the nearest 
points of adjacent shores. This behavior seems optimal 
in that it minimizes both energetic expenditures and ex
posure to predation during cross-ice movements. The 
noncanids moved most during the warmer days 
throughout winter, again minimizing energy expendi
tures because less energy is needed for thermoregula
tion at warmer temperatures. 

The canids, being relatively large mammals, are cer
tainly less constrained by a risk of predation and, thus, 
can utilize the ice more extensively and adopt move
ment patterns more favorable to detecting prey. Fur
thermore, these large mammals are much less stressed 
by subfreezing temperatures (Herreid and Kessel 1967; 
Scholander et al. 1950) and have greater energy stores 
relative to the energy they use to travel a given distance. 
Accordingly, cross-ice movements of the canids were 
much more extensive than those of the noncanids and 
were not correlated with ambient temperatures. 

These larger carnivores utilize the ice cover to expand 
their hunting ranges to include islands that are only sea
sonally available to them. Canid tracks were found on 
all islands that I visited during winter surveys. The im
portance of these seasonally available insular resources, 
and the effects of such temporally concentrated preda
tion on insular communities, while potentially impor
tant, has received very little attention (but see Ozoga 
and Harger 1966; Johnson 1970; Fuller and Robinson 
1982). 

In short, cross-ice movement patterns of canids and 
noncanids are quite different, each being adapted to 
their respective physiological and ecological constraints. 
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Fig. 18.2. Effect of environmental 
conditions on the cross-ice move
ments of 13 species of mammals 
along the St. Lawrence River. TMAX 
= maximum daily temperature, TMIN 
= minimum daily temperature, 
DAY = day of the year (where 
1 January = day 1), and SNOWON 
= depth of snow on the mainland -17.5 -7.5 *2.5 

(see table 3). TMAX(C) 

In this study region, noncanids are generally small 
mammals and thus more subject to thermal stress and 
predation. Consequently, they adopt movement pat
terns that minimize their exposure to subfreezing tem
peratures and supranivean predators. In contrast, foxes 
and coyotes are much less stressed by these factors and 
exhibit movement patterns more favorable to detecting 
prey and expanding their hunting ranges to exploit the 
seasonally available resources (prey) on islands. 
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II. Insular Community Structure 
The influence of winter immigration abilities on insular 
community structure was examined by comparing the 
results of winter immigration and species composition 
studies. To conduct this test, it was first necessary to 
calculate an insular ranking for each species based on 
their frequency of occurrence on insular and mainland 
sites (19 and 8 sites, respectively). These data are pre
sented in table 4, along with an index of insularity (I), 
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which ranges from +1 for species found only on islands 
to -1 for those just on the mainland. 

I = {p, ~ pm) = /W, 

where p{ = the proportion of islands with this spe
cies,^ = the proportion of mainland sites with this spe
cies, and•pmax = p, or pm whichever is largest. 

An important feature of this index is that it prevents a 
low rank from being assigned to species simply because 
they are rarely encountered on the mainland (table 1). 

As predicted, species that utilized the ice cover had 
significantly higher insular rankings (table 5, fig. 3; z = 
2.49 P < 0.007, Wilcoxon ranked sum test 23 species). In 
contrast, the difference between insular rankings of 
what are commonly considered winter-active versus in
active species is less dramatic and only marginally signif
icant (fig. 4; z = 1.52 P = 0.06). There are at least two 
reasons for this discrepancy. First, some "seasonally in
active" species did utilize the ice cover. Although others 
have previously classified raccoons (Procyon lotor) and 
skunks (Mephitis mephitis) as seasonally inactive, these 
species did travel across the ice, sometimes substantial 
distances. Not surprisingly, however, they utilized the 
ice cover only during the warmer periods of winter, just 
prior to ice breakup. 

Second, among truly winter-active species, additional 
factors probably affect ability to travel across the ice. 
This may explain, at least in part, the absence of the 
smaller shrews (Sorex cinereus and S. fumeus) from the 
nineteen islands surveyed. According to bioenergetic 
considerations, smaller mammals should be poor immi
grators because they have proportionately less energy 
stores per energy used to travel a given distance (pre
liminary laboratory, treadmill studies at winter tempera
tures support this hypothesis; Lomolino 1983). In 
addition, thermoregulatory stress at winter tempera
tures is more severe for the smaller mammals (Herreid 
and Kessel 1967; Linsedt and Calder 1981). Therefore, 
for mammals with similar means of immigration, immi
gration abilities should decrease with decreased body 
size, especially for the smaller mammals. Accordingly, 
masked and smoky shrews were never tracked on the 
ice and have the lowest insular ranking of any winter-
active species. In contrast, the larger insectivores did 
travel across the ice and, consequently, exhibited higher 
insular rankings (table 6). Short-tailed shrews (Blarina 
brevicauda) traveled across ice only during the warmer 
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periods (ambient temperatures > O°C), whereas star-
nosed moles (Condylura cristata), which are more than 
twice the former's weight and therefore less affected by 
thermoregulatory stress, traveled much more frequently 
and at much cooler temperatures (Tfl = +15 to - 5° C; 
Condylura's semiaquatic nature also contributes to its im
migration ability). 

One question that is quite relevant is to what degree 
do the observed insular occurrences depend upon feed
ing patterns? Considered separately, feeding habits 
seem to be relatively unimportant. The range in insular 
rankings of mammals in each feeding category is con
siderable and the differences between the medians of 
these values are not significant nor in the direction ex
pected (i.e., carnivores exhibit somewhat higher median 
rankings than herbivores, z = 0.58 P » 0.28; table 4). 
Even when we consider just the small mammals (gray 
squirrels and smaller species), the results are equivalent 
(z = + 0.07, P = 0.47; 14 species). This is not to suggest 
that feeding characteristics and other factors affecting 
survivorship are unimportant, rather that they can not 
be considered primary determinants of insular com
munity structure in vacuo. Certainly other factors, espe
cially body size and diet specificity, affect resource 
requirements. 

///. Alternative Means of Immigration 
With the obvious exception of the semiaquatic species, 
cross-ice movements seem to be the major means of im
migration for nonvolant mammals of north temperate 
archipelagos. Perhaps the strongest evidence in favor of 
this is the paucity of those species in the Thousand Is
land region which do not utilize the ice and, more gen
erally, the paucity of hibernating and seasonally inac
tive species on the islands in temperate regions (see 
introduction). 

Since all these mammals can swim, it may be instruc
tive to compare cross-ice immigration and swimming as 
means of insular colonization. First, swimming is an en
ergetically expensive means of migration for terrestrial 
mammals (Schmidt-Nielsen 1975, p. 253). This energetic 
load is compounded by the high heat capacity of water 
and the thermal stress resulting from wetting the fur 
during swimming, which drastically reduces its insula-
Hve properties. Second, and perhaps more important, 
orientation during migration is much more difficult for 
swimming mammals, especially for the smaller species 



Table 18.4 Frequency of Occurrence of Mammals at Eight Mainland and 19 
Insular Sites (fm and f) along the St. Lawrence River 

Insular Feeding 
Species e 

Jm rank pattern 

Meadow vole 0.79 0.25 + 0.72 1 gramivore 
(Microtus pennsylvanicus) 
White-tailed deer 0.11 0.25 -0.56 2.5 browser 
(Odocoileus virginianus) 
Red fox 0.11 0.25 -0.56 2.5 carnivore 
(Vulpes vulpes) 
Grey squirrel 0.26 0.63 -0.59 4 granivore 
(Sciurus carolinensis) 
Star-nosed mole 0.05 0.13 -0.62 6 insectivore 
(Condylura cristata) 
Norway rat 0.05 0.13 -0.62 6 omnivore 
(Rattus rattus) 
Short-tailed weasel 0.05 0.13 -0.62 6 carnivore 
(Mustela erminea) 
Short-tailed shrew 0.37 1.00 -0.63 8 insectivore 
(Blarina brevicauda) 
Raccoon* 0.21 0.88 -0.76 9.5 omnivore 
(Procyon lotor) 
Red squirrel 0.21 0.88 -0.76 9.5 granivore 
(Tamiasciurus hudsonicus) 
White-footed mouse 0.16 0.75 -0.77 11 granivore 
(Peromyscus leucopus) 
Meadow jumping mouse** 0.11 0.50 -0.78 12 granivore 
(Zapus hudsonius) 
Cottontail rabbit 0.05 0.25 -0.80 14.5 browser 
(Sylvilagus floridanus) 
Long-tailed weasel 0.05 0.25 -0.80 14.5 carnivore 
(Mustela frenata) 
Porcupine* 0.05 0.25 -0.80 14.5 browser 
(Erethizon dorsatum) 
Striped skunk* 0.05 0.20 -0.80 14.5 carnivore 
(Mephitis mqjhitis) 
Eastern chipmunk** 0.11 0.88 -0.88 17 granivore 
(Tatnias striatus) 
Snowshoe hare 0.00 0.25 -1.00 20.5 browser 
(Lepus atnericanus) 
Eastern coyote 0.00 0.25 -1.00 20.5 carnivore 
(Canis latrans) 
Masked and smokey shrew 0.00 0.25 -1.00 20.5 insectivore 
(Sorex cinereus, S. fumeus) 
Southern flying squirrel* 0.00 0.25 -1.00 20.5 granivore 
(Glaucomys sabrinus) 
Woodland jumping mouse** 0.00 0.25 -1.00 20.5 granivore 
(Napaeozapus insignis) 
Woodchuck** 0.00 0.50 -1.00 20.5 gramivore 
(Marmota monax) 



Table 18.5 Cross-ice Movements and Insular Rank of Terrestrial Mammals 

in the Thousand Islands Region 

Species using ice cover Species not using ice 

Rank Rank 

Meadow vole 23 Ermine 18 

White-tailed deer 21.5 Norway rat 18 

Red fox 21.5 Meadow jumping mouse** 12 

Grey squirrel 20 Long-tailed weasel 9.5 

Star-nosed mole 18 Porcupine* 9.5 

Raccoon* 14.5 Chipmunk** 7 

Red squirrel 14.5 Snowshoe hare 3.5 

White-footed mouse 13 Masked and smokey shrews 3.5 

Cottontail rabbit 9.5 Southern flying squirrel* 3.5 

Striped skunk* 9.5 Woodland jumping mouse** 3.5 

Short-tailed shrew 8.0 Woodchuck** 3.5 

Coyote 3.5 

True hibernators. "Winter "dormants' 

Species tracked on ice 

Species not tracked 6 -i - Winter active species 

l • Winter dormonts 
2.49	 ( P - . 0 0 6 ) 

Z-1.52 (P-.064) 
4 

a. 
en 2 

I
12.5 22.5	 2.5 125 22.5 

INSULAR RANK	 INSULAR RANK 

Fig. 18.3. Comparison of frequency distributions of insular ranks Fig. 18.4. Comparison of frequency distributions of insular 
for mammals in the Thousand Island Region which used the ice- ranks for winter-active and winter-inactive ("hibernators" 
cover for winter immigrations vs. those species which did not and "seasonally dormant" species) mammals in the Thousand 
travel across ice. Ordinate is number of species with this rank; Island Region (see table 2; axes as in fig. 3). 
insular ranks are based on comparisons of frequency of occur
rence of 23 species at eight mainland and 19 insular sites (Z value 
from Wilcoxon ranked sum test). 

Notes to Table 18.4 

Note: Species are listed in order of insular ranking based on the index of insularity. (/ = (£• 
fmVfmax'- see text). 

~{i and fm = frequency of occurrence (as a proportion) at insular and mainland sites, 
respectively. 

"True hibernators. *Winter-inactive species. 
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Table 18.6 Cross-ice Movements and Insular Ranks of Four 
Insectivores Occurring in the Thousand Island Region 

Distance traveled—(km)~ 
Insular 

Species Weight(g) Max. Total N rank 

Masked shrew 4 0.00 0.00 0 3.5 
Smokey shrew 8 0.00 0.00 0 3.5 
Short-tailed shrew 20 0.48 0.52 2 16.0 
Star-nosed mole 50 1.07 1.27 10 18.0 

—Max. = maximum distance traveled per track, Total = total distance 
traveled for this species, and N = number of tracks of this species 
encountered. 

in flowing water systems such as the St. Lawrence cess to islands or adjacent mainland shores, the bioener-
River. In contrast, mammals traveling over the ice can getic relationships alluded to previously should still 
take much more direct routes and are better able to ori- apply. That is, swimming abilities should increase with 
ent to specific features on the horizon (e.g., the nearest body size, and mammals should be able to swim farther 
shoreline; Carter and Merritt 1981; Lomolino 1983, Ap- in warmer waters. Wilbur's (1958,1961, and 1963) stud
pendix). Therefore, colonization by cross-ice move- ies on swimming capacity in mammals (albino mice, 
ments is likely to be facilitated by orientation to certain guinea pigs, golden hamsters, chipmunks, skunks, op
staging areas, whereas that by swimming should be possums, and woodchucks) provide strong evidence for 
more dependent on coincidence of random events: at these predictions. Swimming abilities increased as 
least two individuals (a male and a female, or a preg- water temperatures were increased up to 30°C. More
nant female) being carried by the currents to the same over, swimming ability increased with body size (within 
island, surviving the journey, and finding food, shelter, and among species), and this relationship followed the 
and a mate (i.e., another colonist) within their lifespan. power model (Y = aW*) as predicted by the bioenergetic 
While such events are not impossible, and certainly do model (Lomolino 1983). Similarly, Getz (1967) and Star-
take place in some instances, they should be relatively rett and Fisher (1970) reported that swimming abilities 
unimportant where winter ice cover provides a much of various species of small mammals increased with 
more efficient means of immigration. Conversely, in re- body size. 
gions without ice cover, even more narrow water bodies Field evidence for immigrant selection (selection for 
than the one considered here may effectively isolate the more vagile phenotypes) of swimming abilities in 
mammalian populations. mammals is provided by Carter and Merritt's (1981) 

Consistent with the above hypothesis, Udvardy study of Peromyscus leucopus and Microtus pennsylvanicus 
(1969) notes numerous cases where lakes and rivers in in coastal Virginia. Microtus, the larger species, exhib
warmer regions (without ice cover) efficiently separate ited significantly better swimming abilities, especially in 
subspecies of various terrestrial mammals, e.g., Geomys cooler waters (10 and 20°C, versus 30°C). Accordingly, 
bursarius along the Mississippi River (Grinnell 1926; these authors concluded that this difference in swim-
MacLaughlin 1958; Heaney and Timm 1983), Microtus ming abilities accounted for the relatively infrequent oc
arvalis along the Elbe Estuary in Germany (Zimmerman currence of Peromyscus on islands in this region and, 
1935), Peromyscus maniculatus along the Snake and Co- perhaps, in North America in general (see Crowell and 
lumbia Rivers (Dice 1939, 1949), and rodents, in general, Pimm [1976] for an alternative viewpoint). 
along the Colorado River (Grinnel 1914; Kelson 1951). Finally, many mammals may migrate across barriers 

Even for such systems where terrestrial mammals are where water and not energy conservation is critical: 
restricted to swimming (or rafting) in order to gain ac- e.g., migrations across deserts of saltwater systems. 



195 C H A P T E  R 18 Mammals in Temperate Archipelagos 

With respect to the hypothesized body size-vagility 
relationship, this situation is completely analogous to 
that of cross-ice movements. Larger mammals should 
have greater immigration abilities because they have 
more water stores relative to the amount of water used 
to travel a given distance (or survive a given period; 
Adolph 1969). Thus, the body size-vagility relationship 
may have general applicability in systems where isola
tion is important and the species (or individuals) in 
question have similar means of immigration. Here, im
migrant selection may be an important determinant of 
the structure of such isolated systems. 

Conclusion 
Species composition of insular mammals in north 
temperate archipelagos is strongly influenced by differ
ential immigration abilities. Moreover, relative immigra
tion abilities of mammals in these and other types of 
archipelagos may be estimated, a priori, based upon 
physiological and behavioral characteristics of the spe
cies, and the characteristics of the archipelago in ques
tion. Even for such systems where immigration is 
important, however, insular community structure 
should result from the combined effects of factors affect
ing survival as well as immigration. This is clearly illus
trated by the insular distributions of the two most 
common small mammals in the Thousand Island re
gion, meadow voles and short-tailed shrews (Microtus 
pennsylvanicus and Blarina brevicauda; Lomolino 1984). 
Meadow voles combine the advantages of a relatively 
good immigrator and good survivor (i.e., small, gener
alist herbivore) and thus exhibit the highest insular rank 
of all mammals considered. The short-tailed shrew, the 
smaller species (18 versus 45 g), is a relatively poor im
migrator and thus is almost completely restricted to the 
near islands (those < 700 m from the mainland or near
est larger island). In contrast, voles inhabit even the 
most distant islands (> 1 km) where they occupy habi
tats considered atypical for the species. On the near is
lands, however, voles are absent or restricted to their 
typical habitat (grasslands) by shrews which selectively 
prey on juvenile voles (Lomolino 1984, 1986). 

Future studies should provide some valuable insights 
into the factors affecting immigration abilities of other 
faunas and the degree to which insular faunas in gen
eral are influenced by selective forces operating both 

during and subsequent to immigration. 
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19 Mechanisms and Patterns of Convergence during 
Secondary Succession on the Lake Erie Islands 

RALPH E. J. BOERNER 

In recent years, the well-established view that succes
sions on similar sites tend to converge with time has 
been widely challenged (Drury and Nisbet 1973). Stud
ies of both primary (Matthews 1979) and secondary 
(Glenn-Lewin 1980) successions suggest that plant com
munity structure may diverge with time. Those studies 
demonstrating divergence have examined sites of simi
lar initial conditions that then became less similar with 
time, and emphasized the stochastic nature of plant es
tablishment as a central factor in divergence (Matthews 
1979). At the same time, however, long-term studies of 
succession have demonstrated convergence in commu
nity structure towards that of old-growth forests (Peet 
and Christensen 1980), and emphasized site characteris
tics and differential growth and mortality rates. 

This study takes a different approach to the question 
of divergence versus convergence. On the islands in the 
western basin of Lake Erie, abandoned sites with similar 
topography and soils occur, but with different preaban
donment land uses, including vineyards, pastures, 
woodlots, and orchards. Each of these land-use types 
may present a unique suite of microsites for coloniza
tion; therefore, different early successional plant assem
blages, either in terms of species composition or relative 
abundances, may occupy each abandonment type. In 
order to determine how differential preabandonment 
land use affects long-term woody plant succession, and 
to determine whether sites with different early succes
sional plant assemblages diverge or converge in com
munity structure over time, this study uses both 
demographic and community approaches to (1) quantify 
the patterns and rates of woody plant succession follow
ing abandonment of various land-use types, and (2) to 
determine whether the successional patterns are influ
enced more strongly by proximate site factors related to 
prior land use or long-term site properties such as soil 
moisture and topography. 

The Lake Erie Islands 
The Lake Erie islands archipelago is made up of 22 is
lands, ranging from < 1 to 4,545 ha, 20 major reefs, and 
many shallow shoals lying between the Canadian and 
American shores of the western basin of Lake Erie (lati
tude 41°40'-42°N, longitude 82°-83°W) (fig. 1). The cli
mate is temperate-humid continental (Cooper and 
Herdendorf 1977) although rainfall is 20-30% less than 
on the mainland (Verber 1955). Mature forests of the ar
chipelago separate into upland and lowland types based 
on the relationship between bedrock elevation and 
mean lake level (Boerner 1984). Sites with soil surfaces 
< 2 m above lake level (lowland sites) generally have di
rect hydrological connections to Lake Erie and have am
ple soil moisture, even in midsummer; sites > 2 m 
above lake level (upland sites), conversely, are generally 
very dry in midsummer, when evapotranspiration ex
ceeds precipitation by 10-15 cm (Verber 1955). Upland 
forests are dominated by Acer saccharum (sugar maple), 
and Celtis occidentalis (hackberry) (Hamilton and Forsyth 
1972, Boerner 1984), with the latter becoming more 
abundant on deeper soils (Boerner 1984). Tilia americana 
(basswood), Fraxinus quadrangulata (blue ash), and Mor-
us rubra (red mulberry) are also common in upland for
est. Lowland forests are dominated by dominated by 
combinations of Fraxinus pennsylvanica (green or red 
ash), Populus deltoides (cottonwood), Acer saccharinum 
(silver maple), and Acer negundo (box elder), and often 
have a dense, 2-3 m subcanopy of Cornus drummondii 
(roughleaf dogwood) (Boerner 1984). 

The islands were settled about 1810-1835. Quarrying 
of limestone (Kelleys Island), fruit orchards (South Bass 
Island, Catawba Island) and viticulture (Bass Islands, 
Catawba Island) became important by the end of the 
nineteenth century. The quarry and orchard industries 
ended about 1940 while the vineyard industry has de
clined to less than half the peak acreage in use in 1890 
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Fig. 19.1. Map of the Lake Erie region showing the Lake Erie islands in relation to Ohio, Michigan (Mich), Indiana (Ind), Pennsylvania 
(Pa), all in the United States, and Ontario, Canada. Inset shows the major islands in the archipelago. 

(Hudgins 1943; Core 1948; McCormick 1968). Most of to
day's mature forested areas are located on areas of soil 
too shallow for profitable agriculture (Hudgins; Hamil
ton and Forsyth 1972); these forests were cut for cord-
wood for steamships in the early 1800s and then the 
sites were allowed to reforest naturally (Hudgins). A 
few present-day forests were once orchards or vine
yards and are located on deeper, richer soils (Hudgins). 

Hamilton and Forsyth (1972) analyzed composition in 
five upland stands on South Bass Island and proposed a 
relay florisrics model (sensu Clements 1916) for succes
sion following abandonment from agricultural use. 
Their scheme indicates early dominance by ]uniperus vir
giniana or Celtis occidentalis, depending on grazing inten
sity. This early serai type is then replaced, in sequence, 
by Celtis-Fraxinus quadrangulata, Acer saccharum-Celtis-
Tilia americana, and finally, Acer-Ouercus (oak) spp.-

Carya (hickory) spp. forests (Hamilton and Forsyth). 
While no other published work has quantitatively exam
ined successional patterns on these islands, Boerner 
(1984) has challenged the notion that Quercus and Carya 
spp. become abundant in mature Erie Island forests, 
based both on current demographic patterns of these 
species on the islands and on the basis of their regenera
tion requirements. 

Study Sites and Methods 

Sites on Kelleys Island, Pelee Island, Green Island, and 
the Bass Islands (fig. 1), representing all major land-use 
types and successional ages, were sampled during the 
years 1981-1984. Eleven abandoned vineyards (20-80 
years since abandonment) were sampled for compari
son with eleven mature upland and seven lowland for
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est sites (Appendix A). Locations and approximate 
dates of abandonment for orchards and vineyards were 
determined from 1910 and 1940 land-use maps. Incre
ment borings of the largest trees in abandoned vine
yards and orchards were used to check ages. One site 
lumped here with orchards (Heineman's Woods) was a 
pasture grazed by cows until abandonment about 1916 
(Hamilton and Forsyth 1972). At the time of abandon
ment, ]uniperus virginiana trees were scattered through
out the herbaceous pasture vegetation, thus giving this 
site the same vertical and horizontal structure as an or
chard, though with trees less regularly arrayed. The for
mer vineyards occurred at as wide a range of elevations 
as did mature forest stands, reflecting the intensity of 
vineyard culture on the islands, while former orchards 
were all at upland elevations. No vineyards less than 20 
years postabandonment were used since they could not 
be matched with similar orchards; only two orchards 
persisted past 1945 and these were abandoned in the 
1960s. All sites were < 1 ha except as noted below. 

The mature upland forests, all the abandoned or
chards, and the abandoned vineyards located at upland 
elevations were located on Castalia fine sandy loam 
soils (Musgrave and Derringer (1981). These soils are 
formed from the dolomite bedrock of the islands and are 
shallow (30—50 cm), well-drained, and low in available 
moisture (Musgrave and Derringer). The lowland for
ests and the five former vineyards at lowland elevations 
were all located on Toledo silty clay soils, which de
velop on glacial till of high carbonate content (Musgrave 
and Derringer). These soils are deeper than those of the 
uplands (100-150 cm) and have high available moisture 
(Musgrave and Derringer). 

In each sample site, at least one 20 x 150-m random 
belt transect was established with no point within 10 m 
of a site edge. Each transect was divided into two bands 
of lOxlO-m quadrats which were sampled for all indi
viduals with a breast height diameter of s 2.5 cm. At 
least 10 of those quadrats were randomly selected for 
sampling in each site, except in three sites which were 
too small to accommodate 10 quadrats. These sites were 
sampled in their entirety, save for a 10-m buffer around 
the edges. In cases where large, mature forests were 
dissected by roads, drainage canals, or patches of other 
land use, each portion of the mature forest was sampled 
separately. Locations and names of all sites are in Ap
pendix A. 

A synthetic importance value (iv) for each species at 

Mechanisms and Patterns of Convergence 

each site was calculated as the mean of relative density 
and relative basal area. A site-species iv matrix was as
sembled and edited to remove minor species. For a spe
cies to be retained, it must have been either present in at 
least three of the sites or have reached a relative iv of s 
5% in one site. Of the 38 species of trees and erect 
shrubs recorded, 28 met these criteria for constancy and 
were used in further analysis. Most of the species re
moved were rare adventives which occurred in just one 
site. 

To describe compositional relationships among sites 
and species, the site-species matrix was analyzed by De-
trended Correspondence Analysis (DCA) (Hill and 
Gauch 1980). Ordinations such as DCA are particularly 
useful in analyzing complex data sets since they allow 
simultaneous comparison of the differences in abun
dance of all species among sample sites. Each sample 
site is then assigned a set of coordinates along two or 
more axes, based on the abundance of all species in that 
site, as compared to all other sites. The relative dis
tances between sites in this ordination space is a mea
sure of their similarity in species composition and 
relative abundances. 

Nomenclature follows Fernald (1950) and Braun 
(1961). Light intensities were determined with a Li-Cor 
Model 185B photometer equipped with a photosyntheti
cally active radiation sensor. Light readings were taken 
between 1200 and 1400 hrs on 13 September 1984, a 
cloudless day. 

Site Relationships 
When the site-species matrix was ordinated by DCA, 
sites separated along two major vectors (fig. 2). Axis 
one, which portrays the dominant pattern of composi
tional difference among sites (Gauch 1982), accounted 
for 52.5% of the summed eigenvalues of axes 1-4. This 
axis separated upland sites (forests, upland vineyards, 
and orchards) from lowland sites (forests and lowland 
vineyards) (fig. 2). 

In an earlier study of 26 mature, closed canopy forests 
on these islands, Boerner (1984) found that axis one or
dination scores were correlated with elevation above 

=lake level (r2  0.811) in a negative exponential fashion. 
The rapid change in the slope of the axis one versus ele
vation curve corresponded to the elevation where bed
rock elevation equaled lake level. When the axis scores 
of the present orchard/vineyard/forest matrix were com
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Fig. 19.2. Detrended Correspondence Analysis ordination of 27 Lake Erie island sites. The position of each site is marked by a number 
(see Appendix A). The position of each major species is indicated by a species code which is generally the first two letters each of the 
genus and species names. Species codes are: ACNE = Acer negundo, ACPL = Acer platanoides, ACSA = Acer saccharum, ACSI = Acer 
saccharinum, CEOC = Celtis occidentalis, CODR = Cornus drummondii, FRPE = Fraxinus pennsylvanica, JUNI = Juglans nigra, 
JUVI = Juniperus virginiana, LOMA = Lonicera maackii, MOAL = Morus alba, QUBO = Quercus borealis, QUMU = Quercus muehlenbergii, 
PODE = Populus deltoides, PRSR = Prunus serotina, PYMA = Pyrus mains, RHGL = Rhus glabra, RHTY = Rhus typhina, SAAB = Salix 
alba, TIAM = Tilia americana, and ULAM = Ulmus americana. 

pared to elevation, again a close fit of axis one scores to counted for a significant proportion of the summed ei
a negative exponential function was found (Axis 1 Score genvalues of axes 1-4 (31.0%). The youngest former 
= 398.6-154.6 [In Elevation]; r2 = 0.837, p < 0.0001), orchards had the highest axis two scores while the old-
with the rapid slope change again corresponding to the est identifiable former orchard had the lowest second 
elevation range where bedrock elevation equaled mean axis score of any orchard. When axis scores of each of 
lake level. The sites which deviated the most from the the land-use types were regressed on age, axis two 
curve were the younger orchard sites. Thus the domi- scores for former orchards were strongly correlated with 
nant direction of compositional change in woody spe- age since abandonment (r2 = 0.920, p < 0.0002); no cor
cies among this group of sites, represented by axis one, relation between age and axis two score was found 
was correlated with elevation rather than present or among former vineyards or forests, even when they 
prior land use. This result paralleled other studies of were separated into upland and lowland groups. Thus, 
abandoned vineyards which have demonstrated a the ordination suggested that at a given elevation, age 
strong relationship between early successional vegeta- was an important factor in the species composition and 
tion and topographic factors (Romance et al. 1977). relative abundances of former orchards, but not of for-

None of the land-use types varied strongly in axis two mer vineyards. 
scores except the former orchards, although this axis ac- Ranking of species in each site type by relative abun
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Table 19.1 Ranking of Species by Relative Abundances (mean of relative density and relative basal area) in 
Lake Erie Sites 

Species Upland 
Rank Forests 

1.	 Acer saccharum 

(36.2-57.5) 

2.	 Celtis occidentalis 

(9.8-52.0) 

3.	 Fraxinus 

quadrangulata 

(1.8-10.5) 

4.	 Morus rubra 

(<1-11.4) 

5.	 Tilia americana 

Upland Orchards Orchards 
Vineyards (20-65) (80 + ) 
(20-65) 

Acer saccharum Juglans nigra Celtis 

(50.0-82.8) (8.9-29.8) occidentalis 

(17.8-62.5) 

Celtis Celtis Acer saccharum 

occidentalis occidentalis (12.8-22.6) 
(1.4-11.1) (4.9-39.3) 

Prunus serotina Rhus spp. Prunus serotina 

(1.9-26.2) 

Juniper us Juglans nigra 

virginiana 

(4.1-26.4) 

Lowland 
Forests 

Fraxinus 

pennsylvanica 

(24.9-55.3) 

Cornus 

drummondii 

Populus	 deltoides 

(<l-22.7) 

Lowland 
Vineyards 
(20-50) 

Cornus 

drummondii 

(11.1-70.2) 

Fraxinus 

pennsylvanica 

(14.8-39.3) 

Note: The range of relative abundances is given for each species in each site type. Only species reaching a relative abundance of 
10% in a site-type are given. Age ranges are given for successional site types. 

dance also supports this view (table 1). The rank-order 
relative abundances of former vineyards at any eleva
tion resembled those of mature forests closely. In con
trast, younger abandoned orchards were dominated by 
species not common in mature forests, while older or
chards showed a mix of common forest species and or
chard colonists (table 1). 

Stem Demography 
The DCA ordination, and prior studies on these islands 
(Hamilton and Forsyth 1972; Boerner 1984) suggested 
that the stem demography of four species was impor
tant in understanding successional patterns in upland 
areas: Acer saccharum (most abundant in upland forests 
and former vineyards), Celtis occidentalis (present in all 
site types), Juglans nigra (black walnut) (present in for
mer orchards and some vineyards), and Prunus serotina 
(black cherry) (present in vineyards and some forests) 
(table 1). 

The density of Acer saccharum stems in upland forests 
ranged from 490-5,848 stems/ha. In general, size fre
quency distributions approximated reverse J-curves, 
suggesting adequate regeneration of Acer in upland for
ests (fig. 3). Acer was also very abundant in upland 
abandoned vineyards, ranging in density from 1,880 to 
9,700 stems/ha. It was less abundant in lowland vine
yards, with a density range of 0-200 stems/ha (NBV2-3, 

MBV in fig. 4). In upland vineyards, the size frequency 
distribution showed a negative exponential decrease in 
density with increasing size. 

Acer was far less abundant in abandoned orchards 
(fig. 5) than vineyards. Younger abandoned orchards 
(20-45 yrs) had 10-61 Acer stems/ha, though this in
creased to 350-660 stems/ha in older (80 +) orchards. 
Two abandoned orchards more than sixty years since 
abandonment had no Acer stems > 1.0 cm dbh, how
ever (fig. 5). 

Celtis occidentalis was also common in upland forests, 
ranging in density from 170-2,060 stems/ha (fig. 6). Cel
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Fig. 19.3. Size-frequency histograms for Acer saccharum

in upland forests. The density of stems in each site

(stems/ha) is given. Site codes follow Appendix A.


tis was well represented in the small-size classes in most 
upland sites, and in very large-size classes in about Y3 of 
the mature forest sites. 

Celtis was much less abundant in abandoned vine
yards than was Acer (fig. 7), ranging from 0-220 stems/ha. 
In addition, small stems (< 2.5 cm) were absent from all 
but one abandoned vineyard. This contrasted with Celtis 
in abandoned orchards where density was considerably 
higher (60-4,904 stems/ha) and size distribution more 
equitable (fig. 8). The abundances and size-frequency 
distributions of these two species among vineyards and 
orchards of similar age, topography, and soils suggests 
a differential partitioning of establishment site types be
tween these species. 

This partitioning of successional site types may ex
tend to some less abundant species as well. Prunus sero
tina was found in most upland forests at densities of 
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Fig. 19.4. Size-frequency histograms for Acer saccharum

in former vineyards. The density of stems in each site

(stems/ha) is given. Site codes follow Appendix A.
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Fig. 19.5. Size-frequency histograms for Acer saccharum 
in former orchards. The density of stems in each site 
(stems/ha) is given. Site codes follow Appendix A. 
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Fig. 19.6. Size-frequency histograms for Celtis occidentazlis 
in upland forests. The density of stems in each site 
(stems/ha) is given. Site codes follow Appendix A. 

100-350 stems/ha, though size-frequency distributions 
were bimodal, with peaks in sapling (< 5.0 cm) and me
dium (15-30 cm) diameter classes. Prunus serotina was 
also common in upland abandoned vineyards (210
1,140 stems/ha) (fig. 9). Prunus stems were often the 
largest in these sites (compare figs. 4 and 9). In contrast 
Prunus was less abundant in abandoned orchards except 
for the oldest one (MLR, fig. 9). 

Compare the distribution of Prunus with that Juglans 
nigra, which was found in only 1 of 12 upland forest 
samples as a single large tree (dbh 54.4 cm). Juglans was 
also rare in abandoned vineyards (fig. 10), and in the 
two vineyards where it was found, all the individuals 
were located in small gaps in the Acer canopy. In con
trast, Juglans was common and often abundant in aban
doned orchards (density 0-143 stems/ha, present in all 
but the two oldest former orchards (fig. 10). 
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Fig. 19.7. Size-frequency histograms for Celtis occidentalis 
in upland vineyards. The density of stems in each site 
(stems/ha) is given. Site codes follow Appendix A. 
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Fig. 19.8. Size-frequency histograms for Celtis occidentalis 
in former orchards. The density of stems in each site 
(stems/ha) is given. Site codes follow Appendix A. 
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Fig. 19.9. Size-frequency histograms for Prunus serotina 
in vineyards and orchards. The density of stems in each site 
(stems/ha) is given. Site codes follow Appendix A. 

Temporal Changes in Successional Sites 
Although description of temporal changes based on si
multaneous sampling of sites of different ages may ob
scure the impact of such factors as topography, soil 
type, seed source, or year-to-year variations in germina
tion or growth conditions, with actual temporal 
changes, elevation, the relative homogeneity of soils, 
and proximity to seed sources among the former or
chards and vineyards on the Lake Erie Islands should 
minimize this problem. 

Examination of a variety of recently abandoned vine
yards (6-24 years postabandonment) has indicated that 
a dense canopy generally developed by 15-20 years 
after abandonment (McCormick 1968; Boerner: un
published data). In lowland areas, the 2 to 3-m-high 
canopies of such sites were dominated by Cornus drum
mondii, with emergent stems of species that dominate 
the taller canopies of older lowland forests (Fraxinus 
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Fig. 19.10. Size-frequency histograms for juglans nigra in 
orchards and vineyards. The density of stems in each site 
(stems/ha) is given. Site codes follow Appendix A. 

pennsylvanica, Populus deltoides, Acer negundo, Celtis occi
dentalis) (table 2). The differences in community compo
sition between lowland vineyards and lowland forests 
were ones of relative abundance rather than species 
presence/absence (table 2). For this reason, there was 
strong clustering of lowland vineyards and lowland for
ests in the ordination (fig. 2). Cornus drummondii and 
Acer negundo were less abundant in older lowland for
ests than in vineyards, while Ulmus spp. increased in 
abundance with time (table 2, fig. 11). Fraxinus pennsyl
vanica, Populus deltoides, and Celtis occidentalis differed lit
tle in iv between lowland forests and abandoned 
vineyards < 20 years of age (table 2, fig. 11). 

In upland abandoned vineyards, Acer saccharum domi
nated the early, 3 to 4-m-high canopy, with Prunus sero
tina, Prunus virginiana, Rhus typhina, and Celtis 
occidentalis present in lesser numbers. Of the species 
common in upland abandoned vineyards only Rhus ty
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Table 19.2 Site/Species Matrix for 27 Representative Study Sites. 

Species Sites: 2 2 3 4 5 6 7 8 9 10 11 12 23 24 15 16 17 18 29 20 22 22 23 24 25 26 27 Constancy 

Acer saccharum 4 5 4 4 5 1 _ 1 5 5 5 5 5 3 1 2 - - 2 1 1 3 1 3 3 3 79.3 
Celtis occidentalis 4 3 4 4 3 2 2 3 3 2 1 2 2 4 2 3  2 - — 4 2 5 5 1 5 5 3 86.2 
Fraxinus 2 1 3 - - - - - - - - - - 2 — _ _ _ — — _ _ 2 _ 1 - 1 24.1 

quadrangulata 
Ostrya virginiana - 1 2 - 1 10.3 
Tili/i (mnpTiCCinct 1 2 ry 17 9 
1 lllU MfflCf ll*UIlli Z 1/ .£. 
Prunus virginiana - - 1 1 - 1 - 2 1 - 1 _ _ _ _ 1 1 - _ 1 _ _ 1 1 — _ 37.9 
Acer platanoides - - 1 - - - - - - - 1 - - - - 1 1 - - 1 - - 1 1 - - - 24.1 

iPrunus serotina - 1 - - - - - 1 3 3 2 4 2 - - - 1 2 2 — 3 3 1 3 51.7 
Quercus - - - - 3 - - + - - 1 - 1 1 1 27.6 

muehlenbergii 
oQuercus borealis 2 2 J 

in "x 

juniperus - - - - - - - - 2 - + - — _ _ _ — 1 — — — 4 - - 20.7 
virginiana 

1 1 1 17 9 
UJTlILtTU TflUULn.11 i 1 I l / . Z 
Morus alba _ — _ _ _ _ _ 1 — _ 2 - _ _ _ _ _ 1 2 3

_ 1 2 _ 1 28.2 
Fraxinus - - - 1 - 4 4 5 - - 2 - - 2 3 1 4 4 3 - - - - - - - - 45.8 

pennsylvanica 
Acer negundo - - - - - 1 1 - - - - - - 1 3 - 4 4 - - - - - - - - - 20.7 
Cornus - - - - - 3 4 - 1 1 2 - - 3 3 5 3 1 5 2 1 - 1 2 - 1 1 58.6 

drummondii 
Rhus typhina - - - - - - - - 1 1 - - + - - - - - - 2 3 - 1 1 - 1 - 31.0 
Pyrus malus - - - - - - - - - - - - - - - 1 - - - 2 - - - 3 - - - 10.3 
\ A U 1 1 1 1 9A 1

IVIOTUS ruvra 1 1 o 1 1 U±. 1


_ — — _ 1 1 _ 1 10.3 Salix alba 1

Populus deltoides - - - - - 3 3 - - - - - - - 2 - - 3 - - - - - - - - - 21.5

Juglans nigra 2 - - - - - - - - - - - - 2 - - - - - 3 4 3 2 2 - 1 1 31.0 

i i -I 1 i •3 1 1 1 17 Q

litmus ruora 1 1 1 1 1 i O 1 1 1 Ol .7


— — 1 3 - - 6.9
Rhus glabra 
Symphoriocarpus - - - - 1 + - - 1 - - - 10.3 

orbiculatus 

Carya cordiformis - - - - 1 - - 1 - - - - - - 2 10.3 
Ulmus americana - - - - 1 1 1 2 - 17.2 
Acer saccharinum - - - - - - 2 - - - - - - - 4 6.9 

Land-Use Type: Upland Lowland Former Former Former 

Forest Forest Upland Lowland Orchard 
Vineyard Vineyard 

Note: Species relative abundances are coded as follows: >50 = 5; 25.0-49.9 = 4; 10-24.9 = 3; 5.0-9.9 = 2; 1.0^.9 = 1; <1.0 = +; 
species not present: - ; Site codes and types follow Appendix A. Constancy is the percentage of sites in which the species occurred. 

Minor species not included: Quercus bicolor, Q. macrocarpa, Q. alba, Salix rigida, Ailanthus altissima, Pyrus coronaria, Prunus persica, 
Crataegus spp., Carya ovata, Cornus stolonifera. 

phina was absent in mature upland forests. Prunus sero- rather than shifts in species composition (table 2, fig. 
tina was more abundant in upland vineyards than 11), again accounting for the close clustering of upland 

forests while the opposite was true for Tilia americana vineyards and forests in the ordination (fig. 2). 

(table 2). Still, the primary difference between upland The ground cover of the former vineyards, up to 65 
vineyards and forests was one of relative abundances years post abandonment, varied from < 5% to > 60% 
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Fig. 19.11. Inferred patterns of change in woody species 
abundance over 100 years of secondary succession. Importance 
value is the mean of relative density and relative basal area of 
each species at each site. Where more than one site of a given 
age was available, the point represents the mean IV among 
sites. The vertical bars at 100 yrs represent the range of im
portance values for that species in mature island forests, even 
though some of the mature stands may be older. Species codes 
are: A = Acer saccharum, C = Celtis occidentalis, P = Prunus 
serotina, J = Juglans nigra, R = Rhus typhina, F = Fraxinus 
pennsylvanica, D = Cornus drummondii. 

and was dominated by Rhus radicans, regardless of ele
vation. In most abandoned vineyards, the R. radicans 
cover was sparse enough to see that the mound and fur
row topography of the original vineyard was well pre
served, even up to 80 years postabandonment. Over 
90% of the woody stems in the former vineyards were 
located on the mounds. Seedlings of trees were uncom
mon in abandoned vineyards > 20 years of age. Canopy 
gaps were rare (< 1% of the 150-m belt transects) and 
the large number of dead, woody stems on the ground 
suggested considerable self-thinning (cf. Peet and 
Christensen 1980). Regression otAcer saccharum mean 
biomass against stem density suggests this thinning 
process continues as forest stands age, since the upland 
forests and vineyards all fall along a straight log-log line 
with negative slope (fig. 12). 

Abandoned orchards 20-40 years old had very open 
canopies, with tree cover < 50% of the belt transects. 
The dominant species of upland forests and vineyards, 
Acer saccharum, was present in the younger abandoned 
orchards, but it was never abundant. Celtis occidentalis, 
however, was more abundant in younger orchards than 
in forests or vineyards. Juglans nigra, Juniperus virgin

iana, Morus alba, Symphoriocarpus orbiculatus, and Ouercus 
muehlenbergii were all common in younger abandoned 
orchards but rare in upland forests or vineyards, as 
were the recent adventives, Acer platanoides and Lonicera 
maackii (table 2). All these species were much more 
abundant in younger abandoned orchards than in for
mer vineyards or upland forests, and, as a result, these 
orchards separated from the upland forest and vineyard 
cluster in the ordination (fig. 2). 

Unlike the sparsely vegetated floor of the abandoned 
vineyards, younger former orchards supported a dense, 
diverse assemblage of herbaceous perennials, including 
Solidago spp., and Aster spp., and several shrubs, in
cluding Rubus spp., Lonicera maackii, Cornus spp., and 
Symphoriocarpus orbiculatus. Seedlings of Juniperus virgin
iana, Juglans nigra, and other shade-intolerant species 
were present, though not abundant, in the younger 
abandoned orchards. 

Older former orchards, 65 + years postabandonment, 
had species compositions more similar to mature up
land forests (table 2, fig. 11) as well as denser canopies 
(< 10% canopy gap per 150-m belt transect), less dense 
herb and shrub assemblages, and more tree seedlings, 
especially of the dominant upland species, Acer sac
charum, Celtis occidentalis, and Tilia americana. Lonicera 
maackii was the only shrub still common in older aban
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Fig. 19.12. Regressions of Acer saccharum mean biomass (g/tree) 
vs stem density (stems/ha) for upland forests (F), vineyards (V) 
and orchards (O). Biomass estimates utilized the dimension 
regressions of Bickelhaupt et al. (1973). The best-fit line for vine
yards and forests was: log biomass = 6.52-0.64 log density 
\p <0.0001, r2 = 0.781), and for orchards: log biomass = 0.72 
+ 1.57 log density (p <0.001, r2 = 0.887). Note the log axes. 



 209 C H A P T E R 19 

doned orchards. Standing dead Juniperus, Juglans, and 
Rhus were found in all older abandoned orchards. 

While the differences in the initial woody species 
composition between orchards and upland vineyards 
might seem to be due to bird dispersal of seeds into or
chards (cf. Debussche et al. 1982) versus wind dispersal 
into vineyards, several factors argue against this view. 
First, the supply of wind-dispersed fruits (Acer, Fraxi
nus) into both orchards and vineyards is likely to be 
large since none of the successional sites on these small 
islands was farther than 300 m from a mature forest 
patch. Second, the presence of many bird-dispersed 
species in both active and recently abandoned vineyards 
demonstrated that birds would use the physical struc
tures in these sites as well. Third, standing dead Juni
perus and Rhus saplings were noted below the Acer can
opy in several abandoned vineyards (sites 9,10,11). Fi
nally, the differences in species composition between 
abandoned orchards and upland vineyards 20-49 years 
of age existed not only for the entire set of sites but for 
the orchard/vineyard pair which adjoined and were 
abandoned at the same time (sites 13 and 24, 20 years 
postabandonment). 

Thus former vineyards 25-65 years postabandonment 
had few woody species that were not also common in 
forests at similar elevations above lake level (table 2). 
Little change in the relative abundances of the dominant 
upland and lowland species would be necessary for 
these abandoned vineyards to develop into mature for
ests similar to those present today (fig. 11), though in
creases in basal area/tree and decreases in density 
would occur (cf. Peet and Christensen 1980). Con
versely, many of the woody species abundant in or
chards 20-45 years postabandonment (e.g., Juglans 
nigra, Juniperus virginiana, Lonicera maackii, Rhus spp.) 
decrease significantly in abundance by 70 to 90 years 
postabandonment, and are rare or absent in older 
stands (table 2, fig. 11). Concurrently the abundances of 
some tree species common in mature forests (e.g., Acer 
saccharum, Fraxinus quadrangulata, Morus rubra) increase 
with age in abandoned orchards (table 2, fig. 11). Regres
sion of Acer saccharum density and biomass in former or
chards showed a positive relationship between size and 
density (fig. 12), and both correlated positively [p < 
0.01) with age since abandonment. Thus, unlike the 
progressive thinning of Acer saccharum observed in vine
yards, continued establishment and growth produce a 
positive slope for this relationship in orchards (fig. 12). 

Mechanisms and Patterns of Convergence

Mechanisms of Convergence 
Most studies of secondary succession on abandoned ag
ricultural land in the temperate zone have focused on 
sites exposed to plowing and rowcropping for an ex
tended period of time (e.g., Oosting 1942; Bard 1952; 
Bazzaz 1975; Peet and Christensen 1980; Pickett 1982). 
As a result of these practices, spatial heterogeneity of 
sites available for colonization is reduced to microtopo
graphic variations and position relative to seed sources 
in adjoining landscape units. Thus, the early woody 
dominants are usually shade-intolerant, multilayered 
species (Horn 1971) capable of exploiting open ground, 
although some shade-tolerant species may also establish 
early (e.g., Egler 1954; Pickett 1982). As the shaded por
tion of the ground increases, conditions shift toward fa
voring shade-tolerant species, which may eventually 
replace the early colonists as community dominants. Fa
vorable sites for colonization by the shade-intolerant 
species then become less frequent until the canopy 
reaches an age where gap formation becomes common 
(e.g., Marks 1974). In such a situation, the difference be
tween pioneer and mature community composition may 
be proportional to the difference between environmen
tal conditions in disturbed and undisturbed sites 
(MacMahon 1981). 

If, however, the environmental conditions present at 
the time of abandonment favor the establishment of 
shade-tolerant, later successional species, and if seed 
sources are available, the initial woody colonists may be 
dominated by those species most common in mature, 
closed-canopy stands. Former upland vineyards on the 
Lake Erie islands, ranging in age from 25 to 65 years 
since abandonment, have woody canopies of essentially 
the same species composition as closed-canopy forests 
at similar elevations. Former orchards, on the other 
hand, support a distinct suite of woody species. Assum
ing that both successional site types can potentially de
velop into closed-canopy forests similar to those present 
today, changes in vineyards will largely be in the rela
tive abundances of species already present, while 
changes in orchards will involve species turnover as 
well as relative abundance changes. Why should sites 
so closely matched in elevation, soil characteristics, and 
seed sources follow such different patterns? 

The accepted, pre-1950 management strategy for or
chards near Lake Erie was to plow areas between tree 
canopies each year (Dr. Richard Funk, Ohio Agricul
tural Extension Service, personal communication). Since 
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the upland soils of the islands are generally shallow and 
droughty, the fruit trees were widely spaced and, there
fore, most of the orchard was cleared of herbaceous veg
etation and woody seedlings annually. When 
abandoned, therefore, these orchards resembled aban
doned croplands with trees scattered at intervals. Thus, 
most of the orchard area comprised sites most suitable 
for shade-intolerant but drought-tolerant species, such 
as Juniperus virginiana and Juglans nigra (Fowells 1965), 
with a minor portion covered by shaded sites more suit
able for colonization by Acer saccharum and other shade-
tolerant species. 

The basic vineyard management practices established 
by the original German vintners have changed little in 
the last century (Hudgins 1943; McCormick 1968). 
Grape vines are planted in linear mounds 2.0-2.5 m 
apart. The furrows between the mounds are plowed or 
mowed annually and the soil thus loosened is piled 
along the mound edges. Over time, a mound and fur
row topography develops with the mound tops 20-40 
cm higher than the furrows. Woody seedlings/saplings 
are common on the mounds, growing between, and 
sometimes emerging through, the grape vines. Three 
surveys of active vineyards found a variety of woody 
species growing on grape mounds. McCormick (1968) 
found 5 woody species in one active vineyard; Fisher 
(1970 unpublished manuscript) surveyed 13 vineyards 
and noted 28 woody species; Boerner (1981 unpublished 
data) sampled 8 vineyards and found 21 woody species 
including all trees with IV > 10% in upland forests. 
These "weeds" are cut at ground height every 3-7 
years, but many resprout. Few, if any, woody seedlings 
persist more than one summer in the plowed furrows. 
Thus when vineyards are abandoned, woody seedlings/ 
saplings growing on mounds, in the shade of the 
grapes, may have a 3 to 7-year head start on those es
tablishing in the furrows. 

To determine the light regime of a vineyard at the 
time of abandonment, summer light levels were deter
mined at 40 points along a line perpendicular to the 
east/west-running grape rows in an active vineyard. 
Readings were taken on 10 mound tops, 10 furrow bot
toms and 20 mound/furrow shoulders. Mean light levels 
(± standard error) on the mounds (344 ±173 uE/m2/ 
sec) and shoulders (227 ± 136) were 24.1% and 22.7%, 
respectively, of furrow levels (1425 ± 52), which were 
the same as light levels on the neighboring road (1428 ± 

13). While most of the mound/shoulder readings were 
< 10% of full light, 5 readings (16.7%) from mound 
areas where grape vines were sparse approached full 
light. Conversely, one furrow reading was < 50% of full 
light; this site was under the crown of a Prunus serotina 
sapling emergent through the grapes. Thus, most of the 
sites available for colonization upon vineyard abandon
ment have relatively low light levels and may already be 
occupied by grape stems or other woody plants. As 
noted earlier, > 90% or tree stems in abandoned vine
yards < 65 yrs of age were located on mounds. 

The relative abundances of woody plants in young 
abandoned orchards and vineyards seems strongly af
fected by these differences in light regimes. Abandoned 
orchards, with high light levels and little residual 
woody vegetation except scattered apple (Pyrus malus) 
and peach {Prunus persica) trees, were dominated by 
shade-intolerant species (table 3) while vineyards, with 
mostly low-light areas available for colonization, had 
higher abundances of shade-tolerant species (table 3). 
The presence of some intolerant seedlings in vineyards 
was likely due to gaps in the grape canopy and estab
lishment in furrows, while the presence of small num
bers of Acer saccharum and other shade-tolerant, yet 
slower-growing species in abandoned orchards may 
have reflected establishment under fruit trees. While 
each site type was dominated by species characteristic 
of one light regime, patches dominated by species of the 
other were always present. 

Upland forests > 100 yrs since disturbance are domi
nated by Acer saccharum and Celtis occidentalis (Hamilton 
and Forsyth 1972; Boerner 1984). For upland abandoned 
vineyards to develop into such stands, the relative 
abundance of Celtis must increase. Over time, self-thin
ning of Acer saccharum and the effects of winter storms 
on trees in these shallow soils will probably increase the 
rate of gap formation in the Acer sacc/wrum-dominated 
former vineyards. In a survey of six upland forest 
stands, the abundance of Celtis saplings increased with 
the proportion of the forest floor covered by canopy 
gaps > 3 m in diameter (r2 =0.710, p<0.01). Thus gap 
phase colonization by Celtis may be the mechanism by 
which this species increases over time in former 
vineyards. 

In younger former orchards, Celtis is more abundant 
than A. saccharum. The older abandoned orchards, how
ever, had higher A. saccharum abundances, both as can
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Table 19.3 Abundance and Shade Tolerances of Species Common in Abandoned Vineyards or Orchards on the 
Lake Erie Islands 

Abundance in Shade Tolerance As A 
Species Vineyard:5 Orchards Seedling Sapling Sources 

Acer saccharutn A u High High Barnes and Wagner (1981), Fowells 
(1965) 

Celtis occidentalis C A Intermediate Intermediate Barnes and Wagner (1981), Fowells 
(1965) 

Prunus serotina c C High Low Barnes and Wagner (1981), Fowells 
(1965) 

Juglans nigra u A Low Low Barnes and Wagner (1981), Fowells 
(1965) 

Morus alba u A Low Low Barnes and Wagner (1981) 
Juniperus virginiana u C Low Low Barnes and Wagner (1981), Fowells 

(1965) 
Rhus typhina/glabra u A Low Low Barnes and Wagner (1981) 
Quercus muehlenbergii u C Intermediate Low Barnes and Wagner (1981), Fowells 

(1965) 

Note: Abundance codes are: A = Abundant in this site type, C = = Common but rarely abundant, U = Uncommon in this site type. 

opy trees and as saplings. As gaps form in the Celtis/ ning with an establishment phase immediately follow-
Juglans/Juniperus canopy of younger, abandoned or- ing disturbance (or abandonment). This initial phase is 
chards, A. saccharum advanced regeneration may out- followed by a period of little establishment during 
grow seedlings of other species (Fowells 1965), thus which mortality dominates population dynamics, and 
increasing the abundance of this species in the canopy. finally, as the initial canopy begins to break up through 
Thus while both abandoned vineyards and abandoned mortality, a final phase of balance mortality and estab
orchards may develop into forest stands dominated by lishment ensues. While the initial establishment phase 
A. saccharum and C. occidentalis in ratios of 2-5:1, respec- may have a large stochastic component, and may result 
tively, the pathways and rates by which this succession in considerable divergence of topographically and 
occurs may vary with the initial abundance of the two edaphically similar sites, the latter two phases should 
species, which in turn, depends on the suite of available result in convergence. Some of the divergent succes
colonization sites supplied by the different land-use sional patterns described by Glenn-Lewin (1980) may 
types. represent cases in which the balanced mortality/estab-

Given the uncertainties in substituting spatial chrono- lishment phase has not continued long enough for 
sequences for long-term observations of single stands, successional convergence to occur. Alternatively, areas 
the data presented here demonstrate convergence in with large, diverse species pools may never exhibit a 
community structure through successional time. While high degree of convergence in composition, only in 
such convergence was long a part of general succession physiognomy and structure. 
theory, recent studies suggest that successional sites Both vineyards and orchards proceed through the 
may also diverge over time (Drury and Nisbet 1973; three phases discerned by Peet and Christensen (1980) 
Matthews 1979; Glenn-Lewin 1980). during the 100 years covered by the Lake Erie chronose-

Peet and Christensen (1980) propose a general model quence, though at different rates. While the vegetation 
for succession which emphasizes three phases, begin- of sites whose microclimatic conditions differ from 
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those of neighboring undisturbed sites to different ex
tents may change at different rates (Horn 1975) or to dif
ferent degrees (MacMahon 1981), the data presented 
here are still consistent with the concept that succes
sional sites will eventually converge. 
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Appendix A 

Description of the study sites on the Lake Erie islands. 
Land-use types were determined from 1981-1984 sampling and comparison with 1910 and 

1940 land-use maps, except where otherwise indicated. 

Site Sample 
Number Name Island Land-Use Type Site Codes 

1 Victory Woods, East South Bass Upland forest VIO

2 Victory Woods, West South Bass Upland forest VIB

3 Duff's Woods South Bass Upland forest DUF

4 North Bass Upland Forest North Bass Upland forest NBI,NB2

5 Kelley's Maple Forest Kelleys Upland forest KM1,KM2,KM3

6 Kelley's F.B.P. Kelleys Lowland forest FBP

7 Haunck's Pond Woods Middle Bass Lowland forest HKI,HK2

8 North Bass Lowland Forest North Bass Lowland forest NBL

9 McCormick Site II* South Bass Former vineyard MC2


10 McCormick Site III* South Bass Former vineyard MC3 
11 McCormick Site IV* South Bass Former vineyard MC4 
12 Dump Vineyard South Bass Former vineyard DPV 
13 Luecke's Vineyard South Bass Former vineyard LKV 
14 N.E. Point Vineyard #1 South Bass Former vineyard NE1 
15 N.E. Point Vineyard #2 South Bass Former vineyard NE2 
16 North Bass Vineyard North Bass Former vineyard NBV2,NBV3 
17 McCormick Site VI* South Bass Former vineyard MC6 
18 McCormick Site VII* South Bass Former vineyard MC7 
19 Middle Bass Vineyard Middle Bass Former vineyard MBV 
20 Airport Road Orchard South Bass Former orchard APO 
21 Dump Orchard South Bass Former orchard DPO 
22 Snouffer's Woods South Bass Former orchard SNF 

23 Meechen Woods South Bass Former orchard YH1,YH2 

24 Luecke's Orchard South Bass Former orchard LKO 

25 Miller's Woods South Bass Former orchard MLR 

26 Verduin's Woods South Bass Former orchard VER 

27 Heinemann's Woods South Bass Former pasture HN1,HN2 

28 Middle Bass Lowland Middle Bass Lowland forest MBL 

29 Pelee Point Swamp Pelee Lowland forest PSW 

30 Fish Point Pelee Lowland forest PFT 

31 Green Island Green Upland forest GR1,GR2 

32 Coopers Woods South Bass Upland forest CPR 

*Site description and age from McCormick (1968). 
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Dispersal Patterns and Vegetation Change 
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Land use of the Lake Erie islands has produced a heter
ogenous landscape composed of a mosaic of patches 
(e.g., forests, active vineyards, villages, abandoned or
chards and vineyards of different ages). This mosaic of 
patches is not unlike that which occurs on the surround
ing mainland; but because of the relatively small size of 
many of the islands, different patches occur on similar 
soils and topography (Boerner 1984,1985). Because of 
the similarity of basic site conditions (soils and topogra
phy) and the dissimilarity in vegetation structure and 
composition initially following abandonment of agricul
ture (e.g., vineyards versus orchards), these islands pro
vide a unique opportunity to examine the factors that 
affect the rate and direction of vegetation change follow
ing the abandonment of agricultural land. Boerner 
(1985, 1987), using a chronosequence of twenty-one for
mer orchards, vineyards, and quarries on the Lake Erie 
islands ranging from 20 to 90 years postabandonment, 
found different patterns of vegetation change following 
abandonment, but a general trend toward convergence 
through successional time. The location, size, site con
ditions, landscape configuration, and limited biota of 
the Lake Erie islands provide an excellent opportunity 
for ecological experiments that will help clarify our un
derstanding of the process of vegetation change. 

The purpose of this paper is to examine some of the 
major factors or events that influence the rate and direc
tion of vegetation change (e.g., dispersal, predation, 
herbivory) and, using one of these factors, dispersal, 
discuss how existing conditions (i.e., vegetation compo
sition and structure and landscape configuration) affect 
the probability of events occurring and thus the rate and 
direction of vegetation change. By providing a frame
work to evaluate succession, this discussion will pro
vide additional insights into the process of vegetation 
change occurring on the Lake Erie islands and, I expect, 
stimulate interest in conducting new experiments. 

The Process of Plant Establishment and 
the Pattern of Vegetation Change 
If vegetation change is to occur it requires the establish
ment and growth of new plant species. This process in
volves the production of seeds, their dispersal, and all 
of the events such as predation, herbivory, germination, 
and competition that ultimately lead to the establish
ment (survival) of a plant (fig. 1). This process of plant 
establishment, which can result in either a change in the 
genetic composition of populations or a change in the 
types of population which make up a community, is driv
en by these few well-defined and commonly studied 
mechanisms: dispersal, predation, herbivory, germina
tion, and competition. The fact that these mechanisms 
are obvious, easily studied, and critical to the process of 
plant establishment makes this approach more appro
priate for the analysis of the patterns of vegetation 
change for some purposes and at some scales than the 
community controlled processes defined by Clements 
(1916). 

The importance of any one of the mechanisms de
scribed above in the process of plant establishment is 
regulated by (1) interactions within and between hierar
chical organizational units (e.g., population, commu
nity, ecosystem), (2) interactions between the 
mechanisms, and (3) stochastic events. 

How these mechanisms influence the pattern of vege
tation change in any particular area is related to the in
teractions within and between the organizational units 
that occur in the particular area of study. Without con
sidering the interactions within and between these hier
archical organizational units, the pattern of vegetation 
change is difficult to understand because the mecha
nisms which drive the rate and direction of vegetation 
change function at different levels of organization. For 
example, inter- and intraspecific competition between 
plants can be viewed on both the population and com

214 
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Fig. 20.1. A diagrammatic representation of the process 
of plant establishment. The size of the units indicate approxi
mate number of seeds and seedling. The dark arrows indicate 
loss (death) of seeds and seedlings. Fluxes in the system 
are due to distinct events or mechanisms (e.g., dispersal, 
germination, predation, herbivory, and competition). 

munity level, but the nature and outcome of the compe
tition can be influenced by conditions present at higher 
organizational units, e.g., ecosystem and landscape lev
els (Pickett 1980). Similarly, predation and herbivory 
can have a significant influence on the composition and 
structure of a community, but the proximate factor 
which influences the presence of the predators and her
bivores may be functioning on a landscape level (Thomas 
1979; Webb et al. 1984; Forman and Godron 1986). 

In addition, the pattern of vegetation change is influ
enced by interactions between different mechanisms as 
well as stochastic events. Studies of grazed and un
grazed grasslands in England have shown an increase 
in competitive ability of some plants due to the exclu
sion of grazers (i.e., elimination of herbivory) (Tansley 
and Adamson 1925; Watt 1962, 1981a,b). Manzur and 
Courtney (1984), studying the relationship between 
hawthorn fruit-pests (seed predators) and dispersal of 
fruits, found significantly reduced dispersal of seeds 
from infested plants. Alexander and Olson (1980) found 
that squirrels (seed predators) in the process of burying 
or uncovering acorns and hickory nuts inadvertently 
produced favorable conditions for the germination of 
white pine seeds. It is readily apparent that the process 
of plant establishment and thus the pattern of vegeta
tion change involves interactions between biotic and 
abiotic components at many different scales (i.e., orga
nizational units). 

If the process is so complicated, then how can we ex
plain the distinct trends in the patterns of vegetation 
change that appear to repeat in both time and space, 
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specifically, how can we explain similar plant replace
ment patterns in different geographical areas or in the 
same geographical area initiated at different times, often 
following different types of disturbance? 

One explanation is that the probability of an event oc
curring in the process of plant establishment, such as 
germination or herbivory, is directly related to specific 
conditions (i.e., soil moisture, light levels, vegetation 
structure and composition, distance to available seed 
source, etc.) which repeat in time and space. Thus, even 
though two postagricultural sites are separated in either 
time or space, similar patterns of vegetation change can 
occur because the suite of potential invading species at 
both sites have similar biotic and abiotic tolerances and 
the other environmental conditions fall within a limited 
range to produce similar probabilities that events (e.g., 
germination, herbivory, etc.) will occur. We can expect 
then that only when site conditions fall outside the typi
cal range of tolerances for a region, or new species with 
unique sets of tolerances are present, the probability of 
events occurring will change, producing different rates 
and directions of vegetation change. 

A Probabilistic Model of Vegetation Change 
This probabilistic approach to the process of vegetation 
change can be explained in a model. To simplify the 
concept, I will group the mechanisms of vegetation 
change into two groups: (1) dispersal, and (2) survival, 
which includes germination, predation, herbivory, com
petition and growth. Johnson et al. (1981) have devel
oped a model of seed dispersal in fragmented 
landscapes. For our purposes, we will represent the 
probability of dispersal simply as: 

P(D) = SS + A + R + B + s 

where P(D) = probability a seed or propagule will 
reach a site, 

SS = availability of seeds or propagules, 
A = attractiveness of the site to a dispersal agent, 
R = the occurrence of repulsion elements in the 

landscape, 
B = behavior of the dispersal agent, and 
s = stochasticity term. 

The probability of survival can be calculated by the 
following formula: 

P(S) = P(G) x P(P) x P(H) x P(C) x P(GR) x s 

where P(S) = probability of survival, 
P(G) = probability of germination, 
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P(P) = probability of surviving predation, 
P(H) = probability of surviving herbivory, 
P{C) - probability of surviving competition, 
P(GR) — probability it will grow, and 
s = stochastisity term. 

For brevity, I will not discuss the calculation of each 
probability term, but each is readily calculated using 
relevant information similar to that used in the calcula
tion of P(D). Now we can simply define the probabil
ity of plant establishment as 

P(E) = P(D) x P(S) 

where P(E) = probability of establishment, 
P(D) = probability of dispersal, and 
P(S) — probability of survival. 

It must be realized that this is a very simple represen
tation of the probability that events such as dispersal 
will occur; a more sophisticated representation would 
involve conditional probabilities, e.g., the probability 
that survival is conditional upon a plant reaching a site. 

After a disturbance of a site by agriculture, each spe
cies within the region (say, 1 km2) has a specific proba
bility of reaching the site, P(D), as well as a specific 
probability of survival, P(S), upon arriving at the site. In 
figure 2,1 have shown three sites (I, II, III), all of which 
exhibit different probabilities that species A reaches the 
site and survives once it gets there. Species A has a high 
probability of reaching site I but a low probability of sur
vival once there, while it has a high probability of reach
ing site III and a high probability of survival upon 
getting there. Site II falls somewhere between sites I and 

SPECIES A 

SITE 

SITE II 

> o 

LOW HIGH


PROBABILITY OF SURVIVAL


Fig. 20.2. A model illustrating the association between 
three different sites with unique probabilities of dispersal 
and survival of a hypothetical plant species (A). 

Succession 

III. Thus, in site HI where species A has a high probabil
ity of getting there and a high probability of surviving, it 
will most likely influence the rate and direction of vege
tation change. If the same pattern held true for other 
species, then one would expect sites I and III to exhibit 
different rates and directions of vegetation change while 
site II would fall somewhere between these two. 

To completely understand the process of plant estab
lishment and thus the pattern of vegetation change at 
any one site, we need to know the probability of disper
sal P(D) and the probability of survival P(S), or simply 
the probability of establishment P(E), for each plant spe
cies in the region. Those sites that exhibited similar spe
cies P(£) as is the case on the Erie islands, where 
distances are short, patches repeat frequently, and spe
cies richness is low, would be expected to have similar 
rates and directions of vegetation change. Conversely, 
those sites that exhibit radically different species P(£) 
would be expected to have different rates and directions 
of vegetation change. 

It is quite possible, though, that sites with different 
species P(E) might exhibit similar rates and directions of 
vegetation change due to stochastic events (e.g., a rare 
frost may effect the competitive ability of an established 
dominant). There are also numerous feedbacks within 
the system, for as plants grow they subsequently influ
ence the probability of occurrence of many events such 
as herbivory, competition, etc. The total set of species 
P(E) for any given site is dynamic, changing through 
time as the physical nature of the site and the surround
ing area change due to biotic and abiotic processes. But, 
these fluctuations in time may not be as important as 
site-based fluctuations (e.g., disturbance of the area sur
rounding a site). To illustrate how probability of occur
rence of an event is influenced by the existing 
conditions in and around a site, I will examine more 
closely seed dispersal of woody plants. 

Factors Which Affect the Probability of 
Dispersal 

In heterogeneous landscapes such as those that occur 
on the Lake Erie islands, dispersal interactions between 
landscape elements (e.g., abandoned vineyards and 
mature forests) can significantly influence the rate and 
direction of vegetation change within each of the ele
ments. In central and northeastern United States, post-
agricultural landscapes are composed of six basic land
scape elements: 1) agricultural fields, (2) postagricul
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tural fields, (3) hedgerows, (4) edges (e.g., forest-field, 
forest-human habitations), (5) forests, and (6) human 
habitations. The direction and magnitude of the disper
sal interactions between these elements vary depending 
on the distance between elements as well as the nature 
and abundance of both the seed sources and dispersal 
agents (e.g., mammals, frugivorous birds, etc.). It 
seems reasonable that the closer two landscape ele
ments are, the greater the probability that seeds will 
move between them (Johnson et al. 1981). Thus, as 
abandoned fields around a forest patch become increas
ingly dominated by bird-dispersed plants, the probabil
ity that seeds from these plants will be dispersed into 
the forest is also increased. The magnitude of the in
crease in the probability that seeds will be deposited in 
the forest is dependent on the behavior of the dispersal 
agents present. Similarly, if an abandoned field is sur
rounded by hedgerows containing wind-dispersed 
plants, there is a high probability that seeds from these 
plants will be dispersed into the field. 

Conversely, as the distance between landscape ele
ments increases, the probability of seed movement be
tween them decreases. In the following discussion, I 
will examine more closely the factors which influence 
the probability that wind- and bird-dispersed plants will 
be dispersed between landscape elements. 

Wind Dispersal 

Evidence from studies of the dispersal of wind-dissemi
nated seeds into clearcut, successional, and old growth 
forests (Boe 1953; Ronco and Noble 1971: Franklin and 
Smith 1974; Kellman 1974; Carkin et al. 1978; McDonald 
1980; Ford et al. 1983), from studies of the aerodynamic 
properties of seeds and fruits (Burrows 1975; Green 
1980), and from computer simulations (Johnson et al. 
1981), suggests that the probability of wind-dispersed 
seeds reaching a site is related to (1) availability of seed 
source, (2) height of seed source, (3) aerodynamic prop
erties of seeds and fruits, and (4) the nature and direc
tion of wind patterns. These studies also indicate that 
most woody plant seeds are dispersed, on average, less 
than 200 m from the source tree. With this type of infor
mation, bounds can be placed on a probability model of 
the distance wind-dispersed seeds travel from the 
source tree (fig.3). Thus, if two landscape elements fall 
within the range of high probability of dispersal (e.g., 0 
to 100 m apart), then there will be a high probability of 
dispersal interactions between them. 
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Fig. 20.3. A model showing the probability wind-
dispersed seeds will move away from the parent 
plant. Arrows and dotted lines indicate the probability 
seeds will be dispersed 100, 300, and 500 meters. 

Bird Dispersal 

In the northeastern United States, more than three 
hundred species of plants produce fruits, the seeds of 
which are dispersed by birds (Stiles 1980). On the Lake 
Erie islands over 40% of the dominant tree species are 
dispersed by birds (Boerner 1985, this volume). A large 
number of bird-dispersed plants grow in habitats char
acterized by relatively high-light environments, such as 
forest edges and gaps, hedgerows, and fields. Because 
most fruits and seeds which are dispersed by birds lack 
aerodynamic properties, the assistance of dispersal 
agents is necessary if they are to move any distance 
from a source tree. Holthuijzen and Sharik (1984), from 
a study of red cedar in Virginia, found seeds or fruits 
not dispersed by birds moved less than 20 m from a 
source tree. Darley-Hill and Johnson (1981), on the 
other hand, found blue jays dispersed acorns an aver
age of 1.1 km from source trees. This suggests that the 
presence and activity of dispersal agents becomes in
creasingly important to dispersal interactions between 
landscape elements as distances between elements in
crease. For widely spaced landscape elements (>50 m), 
the behavior of dispersal agents becomes the primary 
factor in determining the rate and abundance of disper
sal interactions. Hence, in order to understand these in
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teractions, we must understand what components (e.g., 
structure, composition) of landscape elements influence 
the behavior or performance of the dispersal agents. 

Numerous studies have been done to determine the 
role of vegetation structure on habitat selection by birds 
(MacArthur and MacArthur 1961; MacArthur et al. 1962; 
Cody 1981), factors affecting fruit selection by birds 
(Thompson and Willson 1978; Howe 1979; Howe and 
Kerckhove 1979; Denslow and Moermond 1982; Stiles 
1982; Willson and Thompson 1982; McDonnell et al. 
1984) and factors affecting foraging behavior of insecti
vorous birds (Dickson et al. 1979). Only recently have 
studies been conducted to determine what factors influ
ence postfeeding behavior of frugivorous birds (Living
ston 1972; Smith 1975; Debussche et al. 1982; Uhl et al. 
1982; McDonnell and Stiles 1983). 

Over the last five years, I have studied the factors 
which influence the dispersal pattern of bird-dissemi
nated plants in postagricultural landscapes in New Jer
sey and New York by monitoring seed input while 
manipulating the structure and composition of old field 
communities (McDonnell and Stiles 1983; McDonnell 
1983; McDonnell and Forman in preparation). From 
these studies, as well as those of others (Livingston 
1972; Smith 1975; Debussche et al. 1982; Uhl et al. 1982), 
it is apparent that numerous factors influence dispersal 
patterns and the behavior of dispersal agents, including 
(1) availability of perch sites, (2) availability of food 
(e.g., fruits or insects), (3) low accessibility to predators, 
and (4) exposure (e.g., north, south, etc.). If a landscape 
element has perch sites, food, low accessibility to preda
tors, and a favorable exposure (e.g., during fall morn
ings in New Jersey I commonly found a large number of 
frugivorous birds along a forest edge with an eastern ex
posure), it would be attractive to birds and would have 
a high probability of dispersal interactions (i.e., there 
would be a high probability seeds would be brought 
into the site and also removed from the site by dispersal 
agents). Conversely, a landscape element without these 
characteristics would be less attractive to frugivorous 
birds and would have a low probability of dispersal 
interactions. 

A simple model can be developed that predicts the 
probability of bird-dispersed seed interactions that a 
landscape element would have, based on the distance 
from landscape elements with bird-dispersed plants and 
the attractiveness of the landscape element in question 
to frugivorous birds (fig. 4). This model predicts that if 

Succession 

0> FAR 

Fig. 20.4. A model illustrating how the probability 
of bird-disseminated seed dispersal interactions are 
related to the proximity of a landscape element to avail
able bird-dispersed seed sources and the attractive
ness of the element to dispersal agents. 

there are nearby (< 50 m away) landscape elements 
with seed sources and the landscape element in ques
tion is attractive to dispersal agents, there is high proba
bility of dispersal interaction. Conversely, if the only 
available seed source for a particular species occurs in a 
landscape element located a great distance from the 
landscape element in question and this element is not 
attractive to the dispersal agents, there is a low probabil
ity of dispersal interaction and consequently a low prob
ability that the species will invade the site. Thus, the 
model describing the probability that bird-dispersed 
seeds will travel a given distance does not follow a 
smooth decay curve (fig.5). Instead, it has peaks which 
represent elements in the landscape that have a higher 
than average probability of bird-dispersed seed input 
because they are especially attractive to dispersal 
agents. 

Summary and Conclusion 

From this discussion it is apparent that the process of 
plant establishment, and consequently the pattern of 
vegetation change, is influenced by many events or 
mechanisms (e.g., dispersal, predation, herbivory, ger
mination, etc.) which are functioning at many different 
organizational levels (e.g., population, community, eco
system, etc.). Even though the process of plant estab
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Fig. 20.5. A model showing the probability bird-dispersed 
seeds will move away from the parent plant. The distinct peak 
in the curve represents a change in the probability of dispersal 
due to an element in the landscape that is attractive to frug
ivorous birds. Arrows and dotted lines indicate the probability 
seeds will be dispersed 100, 300, and 500 meters. 

lishment is extremely complex, the pattern of vegetation 
change is predictable if one knows the nature of the con
ditions present at a site which influence the probability 
certain events (e.g., dispersal, predation, etc.) will 
occur. 

Similar patterns of vegetation change occur in time 
and space because the conditions present at a site, 
which affect the probability of events occurring, repeat 
in time and space. Conversely, different patterns of veg
etation change come about because conditions exist 
which produce different probabilities events will occur. 
For example, the probability that wind-dispersed seeds 
will reach a recently disturbed site is directly related to 
the distance the site is from available seed sources. The 
probability bird-dispersed seeds will reach a recently 
disturbed site is related not only to the distance from the 
available seed source, but also to the attractiveness of 
the site (e.g., the existing structure and composition of 
the vegetation) to dispersal agents. Changes in the con
ditions which affect dispersal, influence the probability 
dispersal events will occur and thus effect the rate and 
direction of vegetation change. 

Landscapes, Birds, and Plants 
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21 On the Notions of Direction and Convergence

during Succession 

DAVID C. GLENN-LEWIN 

The study of plant community development and 
change, commonly called succession, has undergone a 
substantial renaissance in the last two decades. This re
surgence is due largely to the application of new analyti
cal and experimental approaches to processes formerly 
studied primarily by simple description, and has been 
aided by our developing understanding of plant demog
raphy, plant life histories, and plant population 
ecology. 

The idea that community succession showed "direc
tion" has long been part of the succession concept. By 
"direction" is usually meant the occurrence of nonrever
sible changes whereby a community does not return to 
a structure or composition that occurred at an earlier 
time in its development. This notion was in the original 
formulations of succession (e.g., Clements 1916; Cowles 
1899,1901; Warming 1909; Tansley 1920), has been car
ried through into more recent literature (e.g., Churchill 
and Hanson 1958; Moravec 1969; Mueller-Dombois and 
Ellenberg 1974; Miles 1979), and continues today: suc
cession is " . .  . the directional change with time of the 
species composition and vegetation physiognomy of a 
single site where climate remains effectively constant" 
(Finegan 1984). 

That plant community change led to convergence on 
a vegetation type also was early a part of the succession 
concept. The ideas perhaps are best summarized in the 
text by Weaver and Clements (1938). In that book, an 
association is characterized as "similar throughout its 
extent in physiognomy or outward appearance, in its 
ecological structure, and in general floristic composi
tion." Later, when introducing the climax formations of 
North America, Weaver and Clements wrote "Each cli
max owes its characteristic appearance to the species or 
dominants that control it." Under a heading "Tests of a 
Climax," they wrote "The first criterion is that all the cli

max dominants must belong to the same major life 
form, since this indicates a similar response to climate, 
and, hence, a long association with each other," and 
"The second principle is that one or more of the domi
nant species must range well throughout the formation 
or occur in the various associations to some degree." 

It is not my purpose to deride Clements. There are 
more than enough attacks on his ideas in the literature; 
more would be gratuitous, and in any case, there were 
many people who from the beginning doubted the va
lidity of Clements' concepts (Mclntosh 1980, 1981). My 
reason for quoting Weaver and Clements is that the idea 
of convergence in succession was put forward early and 
forcefully by Clements, whose formulation contains all 
the elements of the concept. These elements are three: 
convergence in terms of physiognomy, convergence in 
terms of floristic composition, and convergence in the 
context of the climax. One or more of these elements is 
always present in any discussion of successional con
vergence, and it is convenient to address the general 
concept of convergence by discussing separately each of 
these elements. 

Before doing this, one caveat must be stated. The na
ture of the available data greatly limits a discussion of 
succession, and makes a testing of alternative hy
potheses difficult. We continue to speak of succession 
when, in fact, most of the good data, especially those 
based upon repeated observations, are at best only over 
a span of 50 to perhaps 100 years. Only palynological 
evidence extends our knowledge further, but in limited 
ways. 

Physiognomic Convergence 

Physiognomic convergence is a common and probably 
general phenomenon in vegetation dynamics, and there 
is little controversy about it. Following disturbance, a 
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site tends to develop the same physiognomic structure 
as surrounding sites, and several sites within a struc
tural formation will tend to develop structures that are 
similar to each other. Such assertions assume sufficient 
time following disturbance for plants to develop to ma
turity, especially the long-lived perennials. Of course, 
plant community development has a spatial component 
as well as a temporal one, which means that physiog
nomic convergence on a large scale may take longer 
than that following small-scale disturbances. If the scale 
is large enough or a disturbance reoccurs frequently 
enough, convergence may not happen. The key factor 
in relation to scale is the availability of propagules (e.g., 
Cooper 1923,1931, 1939). 

None of this should be taken as an assertion that 
physiognomic convergence is a universal phenomenon; 
there are exceptions. Niering and Egler (1955) describe 
an apparently stable shrub community following dis
turbance in a deciduous forest formation (see also Nier
ing and Goodwin 1974). (We cannot know, of course, 
whether this apparent stability is temporary; eventually 
the vegetation may revert to its former character.) The 
often-mentioned process of desertification in sub-Sa
hara Africa, in which disturbance of the vegetation 
leads to permanent (or at least long-term) physical 
changes in the environment such that a different (and 
"degraded") vegetation develops, may be another ex
ception. Also, in systems in which vegetation change 
seems to be cyclic, such as in prairie glacial marshes 
(van der Valk and Davis 1978), convergence, even 
physiognomic, has little meaning. 

That physiognomic convergence does occur in many 
regions of the world is due to the fact that plant archi
tecture is related to environmental conditions, and that 
there are relatively few different kinds of plant growth 
forms. The relationship between plant growth form and 
environment has long been recognized. This is espe
cially true for the relationship between growth form and 
climate, from the time of von Humboldt to the present 
(e.g., Walter 1985; Box 1981; Sowell 1985). The number 
of recognized plant growth forms varies according to 
author, but is usually reckoned in the few 10s of differ
ent types. Each growth form, because it comprises 
many species, broadly integrates environmental varia
tion. In structural terms then, there are relatively few, 
and relatively broadly recognized, kinds of vegetation. 
Physiognomic convergence is therefore likely in many 
circumstances. The occurrance of physiognomic conver

gence does not mean that other structural features con
verge. There is little evidence, for instance, that species 
diversities converge, even though physiognomies may. 
This is the case, for example, on abandoned coal spoils 
(Glenn-Lewin 1979). 

Floristic Convergence 
Floristic convergence means that the species composi
tion of sites becomes increasingly similar through time. 
Clements' concept of convergence included floristic 
convergence to the extent that sites in a region would 
share one or a few dominant species in common. It is in
accurate, however, to imply that he meant complete or 
essentially complete convergence to identical floral com
position, because it is quite clear that this was not the 
case; Clements recognized substantial variation in com
munity composition. If floristic convergence is defined 
as increasing compositional similarity, then conver
gence is a relative concept, and depends upon the simi
larities of species composition at different times as the 
communities change. 

There is anecdotal evidence that what appear to be 
identical or similar sites develop substantially different 
floristic character. I mentioned a few of these in an ear
lier paper (Glenn-Lewin 1980), and there are others. 
Explicit tests of floristic convergence are few, and gener
ally take one of three approaches. Floristic convergence 
can be tested by calculating similarities between com
munities by any of the standard measures, such as Sor
enson's index, Euclidean distance, etc. Multivariate 
analysis of vegetation data that have an important time 
component also will reveal the relative similarities of 
vegetation at different degrees of development. A third 
approach to floristic convergence is to compare beta 
diversity of a landscape over time; decreasing beta di
versity indicates increasing similarity among the com
munities of the landscape, that is, convergence. For the 
most part, such tests indicate that floristic convergence 
is not a general phenomenon. 

Matthews (1979a, b) investigated the pattern of com
munity change at the front of a glacier in Norway by us
ing multiple discriminant analysis. In this case, "early
successional" vegetation had low within-type variation, 
while "climax-type" vegetation had high between-type 
variability, which is indicative of vegetational diver
gence. Swaine and Greig-Smith (1980), using principal 
components analysis, described two independent direc
tions of community change following grazing release in 



C H A P T E R 21 

permanent plots in Welsh pastures. The direction of 
change appeared to be strongly influenced by initial 
conditions. 

In the Netherlands, certain formerly fertilized riparian 
grasslands were converted experimentally to hay pro
duction without fertilization (van Durren et al. 1981). 
Changes subsequent to the initiation of hay-making 
were directional, meaning that there were no reversals 
of species composition. This directional response appar
ently was due to a decreasing nutrient store as the hay 
was removed. However, all of the differences at the on
set of the study remained for its duration. Thus, conver
gence did not occur. In fact, on one site there was a 
divergence due to hydrological differences. 

Beta diversity changes in North Carolina deciduous 
forests indicated an overall divergence of species com
position (Christensen and Peet 1984). Tree beta diversity 
increased from about 2.1 half-changes to about 3.0 half-
changes, when pioneer vegetation was compared to for
ests dominated by mature hardwood trees, especially 
oaks (Quercus spp.). (There was convergence on the in
termediate pine forests, before divergence in the hard
woods, see below). A similar increase in beta diversity 
with age was reported for South African fynbos vegeta
tion (Campbell and van der Meulen 1980), and for 
dunes in the Netherlands (van der Maarel et al. 1985). 

Vegetation dynamics in spatially or temporally heter
ogeneous environments often show multiple pathways 
of change. These may include convergence, but also di
vergence, networks, and parallelisms. Some of the best 
examples of this complexity are from dune systems (Ol
son 1958; van Dorp et al. 1985; van der Maarel et al. 
1985), even though the vegetation units may be defined 
by different criteria in different studies. Hogeweg (1976) 
described multiple pathways for salt marsh vegetation, 
as did Drury and Nisbet (1973) and Walker (1970) for 
peatlands. In some cases, certain pathways or directions 
are more important or more frequent than others (Olson 
1958; van Dorp et al. 1985). Multiple pathways mean 
that a vegetation type can give rise to any of several 
other (new) types. The combination of possible path
ways, and which pathway occurs on a particular site, 
depend upon propagule availability, dispersal, and spa
tial patterns of neighboring vegetation (van Dorp et al. 
1985). 

It appears that floristic convergence is not a general 
property of plant community dynamics. Under what 
conditions might floristic convergence be expected? 
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Boerner (1985, and this symposium) described an inter
esting floristic convergence in the forests of the western 
Lake Erie islands. In this case, it appears that the 
changes in the vegetation in abandoned vineyards were 
quantitative changes in species abundances, whereas 
there were species replacements in old orchards. These 
differences are explained by the different land uses 
prior to abandonment. 

Iffloristic convergence is measured by vegetational 
similarities at different times during community change, 
then it may occur only when initial conditions are very 
different and the pool of long-lived replacing species is 
small or isolation inhibits immigration of new species. 
These seem to be exactly the conditions in Boerner's 
study; the initial conditions were quite dissimilar, and 
the pool of replacing species was small, with little likeli
hood of new immigrants, because of the island setting. 
Indeed, islands constitute one environmental situation 
in which floristic convergence might occur. 

Floristic convergence may also occur in vegetation 
characterized by a strongly dominating species, the 
members of whose population grow more or less syn
chronously. This seems to be the situation for an appar
ent convergence upon a pine (primarily Pinus taeda) type 
on the Piedmont of North Carolina (Peet and Christen
sen 1980; Christensen and Peet 1981, 1984). When the 
pine canopy breaks up (after about 80 years), however, 
sites divergefloristically. Other possibilities for conver
gence include situations where the seed bank is an im
portant source of new plants, and the number of species 
represented in the seed bank by long-lived seeds is 
small. Such would be the case, for instance, in some 
wetlands. 

Convergence as Climax 
The third aspect of the convergence concept is the rees
tablishment of a former or earlier vegetation, i.e., resto
ration of a characteristic climax pattern. Convergence is 
meaningful only in a vegetation dynamics model that 
includes the concept of climax; that is, without climax, 
the concept of convergence loses much of its meaning. 
Restoration of a climax would depend upon similarities 
in timing, severity and scale of disturbance, similarity of 
available species in the seed bank and via seed disper
sal, and similarities of new species' immigrations, all 
mediated by the abilities of the various species' ampli
tudes to integrate spatial and temporal differences. The 
coincidence of these similarities is highly unlikely, and 
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new disturbances and immigration of new species are 
probable enough that they are likely to interfere with 
the process of climax development. Furthermore, spe
cies rarely have such wide ecological amplitudes that 
they can encompass all these spatial, temporal, and bio
logical differences. 

Vegetation dynamics characterized by cycles, by defi
nition, will not show convergence to climax. The same 
is true for retrogressive dynamics (e.g., Damman 1971). 
In systems characterized by clonal growth, such as wet
lands and grasslands, the coincidence of conditions 
seems especially unlikely, because of the strong pre
emptive behavior of clonal species (van der Valk 1981; 
Glenn-Lewin 1980). 

The use of mathematical models has been an impor
tant development in vegetation dynamics research. 
Models serve to make formal hypotheses about commu
nity mechanisms, and they allow the features of com
munity pattern to be predicted from processes operating 
at the population level, including establishment, 
growth, and replacement of individuals. 

Among the choices of mathematical form for analyses 
of plant succession, stationary transition matrix models 
(Markov models) have attracted interest because of their 
simplicity and elegant statistical properties. Such 
models predict the eventual attainment of a stable state 
(in the present context, a stable species composition, 
i.e., the climax) as a consequence of constant transition 
probabilities. Such models can also be modified to ac
count for changes caused by disturbance, provided that 
the transition matrices can be estimated. Markov 
models have been used by several investigators, but in 
large part owe their popularity to the work of Horn 
(1974, 1975,1981). The uses, abuses, and problems of 
Markov models for ecological succession have been re
viewed by Usher (1981), van Hulst (1979), and Lippe, de 
Smidt and Glenn-Lewin (1985). Only recently has the 
central assumption of Markov models for succession 
been tested rigorously (Binkley 1980, Lippe et al. 1985; 
Hobbs 1984; Bellefleur 1981; Gibson et al. 1983; van der 
Maarel et al. 1985). It is clear from these tests that Mar
kov models are not sufficient for modeling vegetation 
dynamics, because the transition probabilities are not 
homogeneous in either time or space. Lippe et al. (1985) 
and Hobbs (1984) (both, independently but coinciden
tally, in the same vegetation formation), and van Dorp 
et al. (1985) were able to go beyond testing the assump

tion of a stationary transition matrix, to explain devia
tions from it. Our study, based on a 19-year sequence of 
carefully prepared maps of a heathland plot in the Neth
erlands, showed that 

1.	 The transition probabilities are not constant in 
time: there are directional temporal trends in the 
probabilities. Changes from one species to another 
are more frequent (or less, depending upon the 
species) than expected at the beginning of the data 
set, but this pattern is reversed later in the record. 

2.	 The transition probabilities are not constant in 
space: transition probabilities at any given point 
are dependent upon the species present at neigh
boring points. That is, there is a definite spatial ef
fect. The same also was noted by van Dorp et al. 
(1985). 

3.	 Disturbances, especially a drought in 1976, and 
perhaps local outbreaks of the heather beetle (Loch
maea suturalis Thompson), profoundly influenced 
the dynamics of the heathland, changing the tran
sition probability matrix. 

Hobbs (1984) and Hobbs and Legg (1984) explained 
the nonhomogeneity in their tests by noting the ex
tremely plastic situation in the first few years following 
fire in Scottish heath. Their data set covered relatively 
few years, and they combined data from several places. 
Another problem with Markov models of vegetation dy
namics arises when there is not a finite number of states 
(species or community stages, depending upon the ap
proach), in which case Markov models are inappro
priate for succession, although they may be applicable 
to cycles or regeneration (van Dorp et al. 1985). 

Climax asserts a stable vegetation structure and com
position at the end of community development. As we 
have just seen, however, real vegetation changes are 
not stationary, for both autogenic and allogenic reasons. 
The fact that succession is not a stationary process is a 
further argument that convergence upon a climax does 
not occur. 

Disturbance is a regular part of many, indeed most, 
vegetations (e.g., White 1979; Vale 1982; Walker 1982; 
Whitmore 1982; Sousa 1984). In many cases, the fre
quency period of disturbance is less than, or on the or
der of, the life spans of the dominant species in plant 
communities (e.g., Henry and Swan 1974; Oliver and 
Stephens 1977). If this is the case, then disturbance oc
curs too often for climax to be reached (van der Valk 
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1982; White 1979; Vale 1982). In regions where disturb
ance periodically occurs on a community scale, a "shift
ing mosaic" of community patches of different ages will 
obtain (Heinselman 1973; Vale 1982; Pickett 1976; Bor
mann and Likens 1979; see also Romme 1982; Peet 1981; 
Veblen et al. 1981; Habeck and Mutch 1973; Forman and 
Boerner 1981). In some situations, periodic disturbance 
may maintain a relatively stable vegetation pattern, for 
example in Kansas prairie (Bragg and Hulbert 1976), 
along the prairie-forest border in north-central North 
America (Grimm 1984), in the North American subarctic 
region (Johnson 1981), and in North American montane 
forests (Habeck and Mutch 1973). Several different dis
turbance factors operating on several different scales 
can produce a complex overlapping or "hierarchical" 
vegetation pattern (Reiners and Lang 1979). In many 
cases, the true "disturbance" becomes the absence of 
the normal disturbance regime, such as would be the 
case for fire suppression (Grimm 1984; Loucks 1970; 
Johnson 1981; Jasieniuk and Johnson 1982; Ahlgren and 
Ahlgren 1960; Habeck and Mutch 1973; Bragg and Hul
bert 1976; Kilgore and Taylor 1979; Forman and Boerner 
1981; Walker 1982). 

Palynological and paleoecological studies of long-
term vegetation dynamics reveal that species migrations 
are always underway, and consequently, that species 
assemblages are temporary, these assemblages having 
been different in the past (Davis 1976; Webb 1981). The 
implication of this finding is that a stable species associ
ation, i.e., the climax, is not repeated over long periods 
of time. Long-term investigations of the dynamics of 
mires and peatlands also fail to reveal any evidence of a 
climax (Sjors 1980; Drury and Nisbet 1973; Walker 1970). 

The Reductionist or Population Approach 
Only in certain cases are the dynamics of vegetation di
rectional. Physiognomic convergence is probably a 
general feature, but floristic convergence is not, and 
convergence on a climax also is not. Direction and con
vergence are not emergent properties of plant commu
nities, but the legacy of theories promoting these 
properties, either implicitly or explicitly, still affects the 
literature on vegetation dynamics. 

I would agree with those who argue that vegetation 
dynamics are better considered from a population-
based, reductionist, Gleasonian approach (e.g., Drury 
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and Nisbet 1973; Marks 1974; Sousa 1980). This ap
proach has shown its interpretive power in many situa
tions, such as forest history (e.g., Auclair and Cottam 
1971; Henry and Swan 1974; Oliver and Stephens 1977); 
forest dynamics following fire (e.g., Cattelino et al. 
1979; Noble and Slatyer 1980; Johnson 1981), repeated 
volcanism (Veblen et al. 1981), and wind and ice dam
age (Sprugel 1976); forest development from old fields 
(Peet and Christensen 1980; Christensen and Peet 1981, 
1984); fire responses in shrublands (Humphrey 1984) 
and peatlands 0asieniuk and Johnson 1982); and wet
lands (van der Valk 1981,1982). 

Finegan (1984) criticizes the reductionist approach as 
the "new dogma," but he has created a straw man by 
equating reductionism with Egler's (1954) concept of ini
tialfloristic composition. No such equality exists; reduc
tionism in the present context is much more robust. 
Indeed, what most people mean by reductionism is 
quite similar to what Finegan calls a "middle ground." 

The population approach leads us to a reconsidera
tion of the sorts of patterns we see in vegetation dynam
ics. I have used the word "succession" in the title and 
the text so far because of its common use in the ecologi
cal literature. However, vegetation dynamics encom
passes several patterns, and these are made more 
sensible, and more accessible, if we directly address 
change in the context of what is changing (e.g., struc
ture, composition), the character of the environment, 
and the scales, both temporal and spatial, at which the 
changes occur: 

1.	 Phenological change. Changes due to the seasonal 
growth, flowering, and seed production of the dif
ferent species. Mueller-Dombois and Ellenberg 
(1974) include the germination and growth of ther
ophytes and geophytes, regularly or occasionally 
as in deserts, in the concept of phenology. This 
idea presents something of an ambiguity in the 
present scheme; it may be better considered under 
"regeneration" (see below). In either case, it is the 
population properties of the plants' life histories 
that underlie all of these patterns. 

2.	 Fluctuation. Changes in composition, usually over 
a few years, or perhaps a few decades, that return 
to some previous state after deviation or displace
ment. These are quantitative changes (i.e., no 
change in floristic composition), are reversible, and 
are "differently oriented" from time to time (Ra
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botnov 1974; see also Miles 1979; Vale 1982; Grubb 
etal. 1982). 

3.	 Maturation. Community change in which floristic 
composition does not change, but in which relative 
abundances or even physiognomy may change 
(e.g., trees growing to dominate a shrubland). 
These are also quantitative changes, but they are 
not reversible, that is, a particular community 
structure or composition is not repeated during 
community development. Maturation often takes 
the form of a community growing up from an ini
tial condition. It is a consequence of the different 
life histories, longevities, and growth rates of the 
initial species. The term should not be misread to 
imply anything like the organismic ideas of 
Clements. 

4.	 Succession. Actual, qualitative, species composition 
changes. Species enter, and may disappear from, a 
community after its development is underway. 
Such changes may occur for several reasons. This 
is a more restricted definition for the term succes
sion than is often used. This definition is taken 
from van der Valk (1981), who makes the distinc
tion between qualitative and quantitative changes. 
The distinction is helpful because the two patterns 
occur for different reasons, and therefore have dif
ferent implications for our understanding of vege
tation dynamics. 

5.	 Cycles. Change in which not only is a previous 
composition or structure repeated, but the se
quence in which the changes occur is repeated 
(e.g., Watt 1947; Barclay-Estrup and Gimingham 
1969; Yeaton 1978). I do not include "regeneration 
cycles" (Vale 1982) here (see below), but limit the 
term to cycles of species replacements. Van der 
Valk and Davis (1978) describe a nice wetland ex
ample. There is a good deal of uncertainty about 
the reality and importance of such cycles in terres
trial vegetation. Since species replacements are in
volved, these changes are successional in the sense 
above; cycles are not fundamentally different from 
succession in mechanism, since the same popula
tion processes underlie both. However, cyclic pat
terns are distinct enough that separate mention is 
warranted, since the notions of direction and con
vergence have no meaning in the context of cycles. 

6.	 Regeneration. Maintenance of a species in, or reen
try of a species into, a community. I use regenera

tion in the same sense that Grubb (1977) does: 
"Replacement of a mature individual by another 
mature individual." Some of the best examples are 
from forests (e.g., Watt 1947; Hett and Loucks 
1976; Sprugel 1976; Vale 1982; 
Veblen et al. 1981; Whitmore 1982; Runkle 1981). 

Phenology, fluctuation, and regeneration are usually 
left out of discussion of community dynamics (e.g., van 
der Maarel and Werger 1978), but it is important to rec
ognize them. In addition, maturation and succession, as 
defined here, are usually treated in combination (e.g., 
Miles 1979), but they involve different mechanisms, and 
so should be recognized as different patterns. Boerner's 
(1985, and this symposium) example from the western 
Lake Erie islands is a good illustration of the differences; 
Johnson (1981) is another. It is only maturation and 
succession to which direction and convergence can 
apply. 

The reductionist or population approach asserts that 
vegetation dynamics is to be understood in terms of dif
ferential colonizing abilities of species, differential abili
ties to persist in seed banks, differential abilities to 
establish, grow, and survive in different environments, 
differential regeneration capabilities, and plant-plant in
teractions. It is on these that we should concentrate our 
efforts if we are to make progress in understanding veg
etation dynamics. 
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22 Melanism in the Common Garter Snake:

A Lake Erie Phenomenon 

A. RALPH GIBSON AND J. BRUCE FALLS 

Melanism is a striking color variant in the common 
garter snake, Thamnophis sirtalis (L.), a widely distrib
uted natricine colubrid which varies considerably in 
both color and pattern. Melanics were described first 
from Point Pelee, Essex County, Ontario (Patch 1919), 
and later from Long Point, Norfolk County, Ontario 
(Logier 1929), and the southwestern shore of Lake Erie 
between Toledo and Sandusky, Ohio (Conant 1938, and 
Conant cited by Blanchard and Blanchard 1940b). These 
melanics are uniformly jet black above and iridescent 
blue-black below, with white "chin" and "throat." Me
lanic T. sirtalis are easily distinguished from striped 
morphs, and constitute a clear case of discontinuous 
polymorphism. In this species, melanism is inherited as 
a single Mendelian recessive character (Blanchard and 
Blanchard 1940b). 

Sattler and Guttman (1976) surveyed electrophoreti
cally detected enzyme variation within a polymorphic 
population of T. sirtalis (from the southwestern shore
line of Lake Erie, near Bono). They also compared the 
Bono population with three "monomorphic" popula
tions located some distance south of the lake (130,190, 
and 290 km, respectively). They found no differences 
between striped and melanic morphs, nor between 
polymorphic and "monomorphic" populations. Sattler 
and Guttman thus concluded that neither reproductive 
nor geographic isolation could account for the distribu
tion of melanism, and suggested that the selective 
forces operating must be restricted to the Lake Erie re
gion. There have been several reports of morph fre
quencies and limited natural history observations for 
the Long Point population (Adams and Clark 1958; Ev
ans and Roecker 1951; Logier 1929,1930; Snyder and Lo
gier 1931) but no life-history studies of this or other such 
polymorphic populations have been carried out. 

Color polymorphism is poorly documented in snakes 
but apparently is not uncommon (Neil 1963). Few stud
ies have examined discrete color variation in snakes (but 
see Andren and Nilson 1981; Naulleau 1973b). The dis
tinctness of melanic and striped morphs of T. sirtalis, 
and the discrete, irregular distribution of this poly
morphism suggested that melanism may be due to local 
factors. Our major objective, therefore, was to evaluate 
the significance of this polymorphism as a means of ex
tending our understanding of the evolutionary ecology 
of snakes. This was attempted largely through compara
tive field study of striped and melanic morphs of T. sir
talis on Long Point, and documentation of the species' 
life history there. The possible effects of melanism on 
thermoregulation and crypticity suggested themselves 
from the outset and as a consequence we explored these 
factors in our field studies. Beyond these specific con
siderations, however, we wished to minimize a priori 
bias and so designed the field studies to sample diverse 
aspects of the species' ecology and thus to include some 
features of their biology not obviously related to the 
color polymorphism. 

Of necessity, the present contribution focuses on the 
striped-melanic comparison. We cannot here describe in 
full the general field ecology of the common garter 
snake at Long Point. The reader is referred to Gibson 
(1978) for details on those aspects that do not seem to be 
related to the polymorphism. 

Methods 

The Study Organism: Physical Description and 
Life History Outline 
The following outline is based on Blanchard (1943), 
Blanchard and Blanchard (1940a, 1940b, 1941), Conant 
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(1975), Fitch (1965), Stebbins (1966), and Wright and 
Wright (1957), plus our personal observations. 

Members of the genus Thamnophis (Colubridae, Na
trioinae) occur over most of North and Central America. 
T. sirtalis occupies much of this range in North America 
and is absent only from the arid southwest. It is found 
from the Atlantic to the Pacific coasts, and extends far
ther to the north than does any other North American 
reptile. Its active season (between emergence from and 
return to hibernation) in temperate regions is longer 
than that of most sympatric species, and frequently it is 
the most abundant member of a local snake community. 
T. sirtalis is not known to be venomous and does not 
constrict; active prey are pursued, seized, and swal
lowed. Major food items include earthworms and anur
ans, but other amphibians plus fish and leeches are 
taken. The species exhibits the sexual dimorphism char
acteristic of other natricines: males are substantially 
smaller than females. In the population we studied, 
males and females reach a maximal snout-vent length of 
about 700 mm and 900 mm, respectively. 

The common garter snake is exclusively viviparous, 
like other North American natricines. Courtship and 
copulation can occur in fall prior to hibernation but prin
cipally take place immediately after emergence from hi
bernation in spring. Vitellogenesis begins after mating 
and ovulation follows about a month after emergence. 
Embryogenesis requires about two months, the precise 
interval varying inversely with temperature. At birth 
young in the Long Point population weigh about 2.0 g. 
Fifteen to 20 young constitute a typical litter for an aver
age-sized female, but very large individuals can produce 
two to three times this number. 

The common phenotype of T. sirtalis has three longi
tudinal stripes: one mid-dorsal stripe, and two lateral 
stripes which occupy the second and third scale rows. 
Stripe color is variable among individuals but normally 
is yellowish. The dorsal background color varies from a 
light green-brown to black. Spotting between the dorsal 
and lateral stripes is common and can be pronounced. 
The stripes (particularly the dorsal stripe) may be much 
reduced or absent, often in association with conspicu
ous spotting and a lighter background color. Lateral sur
faces of the head and trunk are sometimes colored 
orange or red. These and other aspects of the coloration 
of T. sirtalis show strong geographic variation and this 
has led to formal recognition of six to ten subspecies (for 

accounts and photographs, see Conant 1975; Stebbins 
1966; Wright and Wright 1957). 

The Study Area 
Our main study area was at the eastern tip of Long 
Point, Norfolk County, Ontario (lighthouse at the east
ern tip of the point: 42°33'N, 80°03'W). This point is a 
sand spit extending about 40 km east into Lake Erie 
from the north shore. The basal 20 km of the point form 
a low-relief "panhandle" which varies in width from 
about 15 m to 100 m. Near the base, in the area now 
heavily built up with cottages and marinas, the width is 
800 m to 1,000 m, but this may be a result of human ac
tivities. This settled region supports large cotton wood 
trees (Populus deltoides); generally much smaller cotton
woods are found on the distal portion of the panhandle. 
The south shore is a sand beach open to the main body 
of Lake Erie; an extensive cattail {Typha sp.) marsh bor
ders the north shore. 

At the eastern end of the panhandle, Long Point be
comes wider. Here begins a series of wooded ridges 
which have a southwest-northeast orientation. Initially 
these ridges are quite discrete; they are separated by 
open marsh or swamp, and are joined only at their 
southern ends by the dunes along the lake shore. A lit
tle to the east, however, the orientation of the ridges 
swings more east-west, the northern ends frequently 
join, and their structure becomes more complex with 
frequent anastamosing. This part of Long Point is 
bounded on the north by the northern basin of Lake 
Erie. The complex ridge structure characterizes much of 
the main body of Long Point; at the widest point it 
measures about 3.5 km across. The ridges are wooded 
and the hollows are swamp or marsh. The woods con
sist of mixed hardwoods, cedar, pine, and tamarack. 
There is little woody undergrowth; in the deciduous 
areas the ground is covered with a thick growth of long 
(>50 cm) grass. Cruise (1969), and Snyder and Logier 
(1931) provide more detailed accounts of vegetation on 
Long Point. 

The eastern 3 km of the point, which included our 
main study area, has been formed most recently and is 
only lightly wooded with small cottonwoods. Thus 
most of the area is quite open and supports a light 
growth of short (<50 cm) grass and unvegetated sand. 
In drier areas, there is bunched grass and unvegetated 
sand. Numerous shallow ponds are interspersed among 
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vegetated sand ridges, most of which vary in height 
from 1 to 3 m. A subsidiary study area (wooded as de
scribed above) was located on Courtright Ridge, the first 
ridge east of the base of the point. 

Long Point was formed in part, and today is main
tained, by the action of westerly currents along the 
north shore. These carried sand eroded from the Nor
folk sand plain located to the west. The precise age and 
pattern of formation of the point are not known, but 
presumably it began growing when the present lake 
shore was formed, about 4,000 years ago (Liard 1975; 
Wood 1951, 1960; Forsyth, this volume). 

Field Procedures 

Our field procedures are described elsewhere (Gibson 
and Falls 1979a) and will not be detailed here. Basically, 
we carried out a mark-recapture study, from which we 
obtained information on population structure and dy
namics, temperature relations, weight-length relation
ships and growth, movements and activity patterns, 
reproduction, predation rates, and meristic variation. 
Field work at the main study area (hereafter TIP) took 
place during May through August from 1971 to 1974, 
and at the subsidiary study area on Courtright Ridge 
(known locally as the Breakwater, hereafter BW) primar
ily during May through July 1973. We performed some 
work at the TIP in September and October, mainly in 
1971 and 1973. In the summaries that follow, statements 
refer to the TIP population except where specific refer
ence is made to the BW. 

Results and Discussion 

Population Dynamics 

The objective of this section is to compare striped and 
melanic morphs over such variables as sex ratio, recruit
ment, size, and survival. Snout-vent length replaces age 
as a principal population characteristic for there is no 
size-independent method of determining the age of 
snakes in the field. Moreover, female fecundity in
creases with length and thus size may be a more impor
tant parameter than is chronological age. Most of the 
data summarized here are counts of marked snakes fall
ing in different categories of the variables presented 
above (e.g., the number of melanic males captured at 
the BW study area). These frequencies are analyzed as 
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contingency tables and the test statistic is G (Sokal and 
Rohlf 1969). Comparisons of snout-vent length are 
made using nonparametric Kruskal-Wallis or Wilcoxon 
two-sample tests. 

A morph by sex by year classification of the approxi
mately 460 T. sirtalis individually marked at the TIP re
veals that the morph ratio does not vary between the 
sexes (G = 1.21, 0.25 <P<0.50, df = 1) nor across years 
(G = 4.21, 0.10<P<0.25, df = 3). Analysis of a similar 
morph by sex by study area classification indicates that 
the sex ratio does not vary across the two populations 
(G = 1.74, 0.10<P<0.25, df = 1). However, the morph 
ratio is very different in the two study areas (G = 19.97, 
P<0.005, df = 1). Among those marked at the TIP, the 
proportion melanic is 0.57, whereas at the BW this value 
is only 0.36. The proportion female in the combined 
sample is 0.647 (n = 600) and this differs significantly 
from 0.50 (G = 52.39, P «0 .005 , df = 1). 

The initial comparison of the snout-vent length of me
lanic and striped garter snakes, categorized by sex, year 
of capture, and study area does not suggest important 
differences. In 1973, the melanic females captured at 
the TIP were longer than their striped counterparts. 
However, the significance level is not overwhelming 
(0.025<P<0.05) and, in view of the number of tests per
formed (10), cannot be accepted with confidence. 
Nevertheless, if data from the TIP are combined over 
the four years, and the sign of the difference between 
striped and melanic is determined for males, un
knowns, and females, it emerges that in each category 
melanics are longer than striped, although in each case 
not significantly so. The same pattern holds true for 
those snakes captured at the BW. With a null hypothe
sis of equality of means of the two morphs, the two-
tailed binomial probability of six independent occur
rences of melanics being longer than striped is 0.03 
[ 2 * (V2)6]. Thus there does appear to be a significant 
tendency for melanic T. sirtalis to be slightly longer than 
striped individuals. In our samples, this difference aver
ages 12.9 mm. 

Young of the year were captured only rarely in this 
study; of the 68 obtained over the four years, 42 (0.62) 
were melanic. The proportion melanic is higher in this 
age group than in the adult sample but the difference 
falls far short of significance (G - 0.53, 0.25<P<0.50, df 
= 1). In our sample, the snout-vent lengths of striped 
and melanic neonates are virtually identical (striped: 
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mean = 224.7, SD = 41.61; melanic: mean = 224.5, SD 
= 35.25). 

Survival in T. sirtalis from the TIP was examined by 
following the year-to-year recapture history of a cohort 
of snakes captured in a given year. Morph by sex by 
year-of-last-capture classifications were analyzed sepa
rately for snakes first captured in each of 1971,1972, and 
1973. Overall, the conclusion can be only that the three 
factors are independent (see Gibson 1978 for test de
tails); this indicates that neither the morphs nor the 
sexes differ in survivorship, at least within the size 
range studied here. 

Analysis of a morph by sex by capture-frequency clas
sification of snakes marked at the TIP revealed no signif
icant departure from independence. Neither the morph 
ratio nor the sex ratio vary with recapture frequency, 
suggesting that we captured the two morphs and the 
two sexes in proportion to their actual abundance. 

In those aspects of their population dynamics that can 
be examined here, differences between striped and me
lanic garter snakes appear to be minimal. Despite a ma
jor decline in population size (data not presented), the 
relative morph frequencies remained stable. Whatever 
factors contribute to a female-biased sex ratio among 
marked snakes apparently are operating independently 
of morph. There is no suggestion that striped and me
lanic individuals differ significantly either in their ability 
to survive or in the frequency with which they are re
captured. There is at least an indication that melanics as 
a group are slightly longer in snout-vent length than are 
striped snakes. The most strongly expressed difference 
between the two morphs is in their relative frequencies 
at the two study areas. Our own casual observations 
and a few literature records (Adams and Clark 1958; Ev
ans and Roecker 1951; Snyder and Logier 1931) indicate 
that this morph-ratio difference between the TIP (0.57 
melanic) and the BW (0.36) has been in place over the 
last 50 years. 

Temperature Relations 
The effects of the striped-melanic polymorphism on the 
thermal biology of this species have been presented 
elsewhere (Gibson and Falls 1979b) and will only be 
summarized briefly here. Results of both field studies 
and laboratory experiments indicate that the melanic 
morph possesses a modest thermal advantage (ca. 
1.25°C) over the striped morph when ambient tempera
tures are below "preferred" levels. There is also a sug-
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gestion that melanics may be better able to reduce 
excessive radiant heat loads in warm periods. 

Movements and Activity Patterns 
The objective of this section is to compare the two 
morphs in their dispersion and activity. As an index of 
dispersion, we used the mean recapture radius, defined 
to be the average distance of a set of recapture points 
from the geometric center of that set. Note that this is 
not the mean squared radius and that there is no conver
sion to an area estimate assuming a circular home 
range. This simple index is relatively insensitive to the 
effects of outliers, and can incorporate the dispersion in
formation from individuals represented by only two 
captures. Activity patterns were examined by variously 
classifying all snake captures according to morph, sex, 
season, hour of day, and cloud cover (clear skies or pre
dominantly cloudy), and testing for independence as 
before. 

Within each sex there is no difference between striped 
and melanic snakes in mean recapture radius (Wilcoxon 
two-sample tests. Males: t =0.07, 0.90<P, total n = 71; 
Females: t = 1.03, 0.20<P<0.40, total n = 126). Simi
larly, there is no difference between male and female, 
with the two morphs combined for each sex (Wilcoxon 
two-sample test, t = 0.59, 0.50 <P<0.90, total n = 197). 

Snake captures first were classified according to 
morph, sex, and hour of capture. Both morph and sex 
ratio are completely independent of time of day. When 
the data were combined over hour of day and classified 
by morph, sex and "cloud cover," the morph by "cloud 
cover" term attains significance (G = 3.91, 0.025<P< 
0.05, df = 1): the proportion melanic is lower under pre
dominantly cloudy conditions (0.53) than under clear 
skies (0.58). Inspection suggested that the cloud cover 
effect on morph ratio was limited largely to females. 
Consequently, the independence of these two factors 
was tested separately in each sex. The results confirm 
this impression: morph is completely independent (G = 
0.01. 0.90<P<0.975) of cloud cover in males (proportion 
melanic, sun: 0.53, cloud: 0.54) but dependent (G = 
6.66, 0.01<P<0.025) upon it in females (sun: 0.61, 
cloud: 0.53). 

Snake captures (n = 878) which occurred under pre
dominantly sunny conditions were classified according 
to morph, sex, and month of capture. The morph by 
month term attains significance (G = 12.88, 0.0KP 
<0.025, df = 1) with the proportion melanic highest in 
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midsummer and lowest in spring and fall. Again inspec
tion suggested that the effect was restricted to females 
and thus the test was repeated separately for the two 
sexes. Independence cannot be rejected for males (G = 
4.44, 0.25<P<0.05, df = 5) but can be for females (G = 
12.02, 0.025<P<0.05, df = 5). In the latter, the propor
tion melanic is about 0.50 in May but rises to about 0.70 
in August. This analysis was repeated considering in
stead those captures (« = 588) which took place under 
predominantly cloudy conditions. Here, all terms are 
nonsignificant: morph ratio no longer varies with 
season. 

These observations suggest that some advantage ac
crues to melanics under hot, sunny conditions that per
mit individuals of this morph to become, or remain, 
more active and hence be more susceptible to capture. 
During the summer, melanics of both sexes display 
slightly lower body temperatures than do their striped 
counterparts. This led us to hypothesize that melanism 
might also function to reduce heat gain (Gibson and 
Falls 1979b). The mechanism invoked is that a layer of 
melanin at the dermis-epidermis boundary would con
fine the conversion of radiant solar to heat energy to the 
extreme periphery of the body, thus facilitating its loss 
to the environment. The activity patterns found above 
are congruent with this. A snake's microenvironment 
certainly will be a thermal mosaic. The hypothesized 
protection offered by melanism may function when a 
snake is crossing open areas and is exposed to strong in
solation; that is, under these conditions the layer of mel
anin simply may increase the thermal inertia of a snake. 

The suggestion that females thermoregulate more 
precisely than do males (Gibson and Falls 1979a) again 
is congruent with the observation here that the morph 
differences in activity occur only in females. When the 
danger of overheating becomes pervasive, the males 
may just retire; for them, precision may involve consid
erable risk and return little benefit. Perhaps a more im
portant consideration here is the difference in mass 
between the two sexes. Females are much larger and 
heavier than males and the thermal inertia argument 
above would be stronger with larger individuals. 

Reproduction 

The general objective of this section is to compare 
striped and melanic female garter snakes on various as
pects of their reproductive ecology. These aspects in
clude proportion of females found to be gravid, and the 
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number and weight of their young. As well as com
pared melanic and striped sibling neonates on weight 
and length. Mensural variation was assessed on neo
nates from two samples of gravid females. During July 
and August 1972, 32 gravid female T. sirtalis were cap
tured at the BW study area (sample 1) and housed at the 
TIP in outdoor cages until they gave birth. In July 1975, 
nine gravid females captured at the TIP (sample 2) were 
housed in laboratory cages until parturition. Snout-vent 
length, tail length, and weight were recorded from the 
neonates, usually within three hours of birth. Snout-
vent length and weight were recorded for each female 
after she gave birth. 

Analysis of a morph by pregnancy-status (i.e., gravid 
versus nongravid) by year classification (n = 432) indi
cates that the morph ratio is independent of pregnancy 
status (G = 0.99, 0.25<P<0.50, df = 1). The pregnancy 
rate does not differ between the morphs. This inde
pendence holds despite significant changes in the pro
portion of females that were gravid (G = 101.61, P<< 
0.005, df = 101.61). This proportion was substantially 
higher in 1974 (0.78) than in the previous three years 
(0.16, 0.21, 0.22). 

Inspection (and testing not reported here) of the men-
sural data for neonates indicated that there were major 
differences among litters. This suggested that a two-
way design would be appropriate to compare striped 
and melanic siblings. However, very considerable heter
oskedasticity and widely varying sample sizes compro
mised this approach. For these reasons, morph 
differences were assessed separately within each of 14 
litters that contained both striped and melanic young. 
Differences in the three variables were tested individ
ually using the Wilcoxon two-sample test. Of the 42 
comparisons (three variables by 14 litters) only one at
tained nominal significance. However, one "signifi
cant" outcome in 42 comparisons is less than could be 
attributed to chance alone. That is, this testing proce
dure contains a bias towards detecting morph differ
ences. We conclude that there is no evidence of a 
difference between striped and melanic young in snout-
vent length, tail length, or weight. 

The effect of morph of female on the birth weight of 
neonates was examined in litters from 22 females (7 
striped and 15 melanic) belonging to sample 1. To avoid 
confounding the morph comparison with across-litter 
variation, a nested analysis of variance was performed. 
Morph of female was the outer level, nested within 
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which were individual litters. As expected, the among-
litter (within-morph) variance is highly significant (F = 
86.02, P « 0 . 0 0 1 , df = 20 and 371). However, the be
tween-morph variance is extremely small (F = 0.04, 
0.75 <P, df = 1 and 20) and the variance component for 
this effect must be assumed to be zero. Although the 
heteroskedasticity described earlier compromises this 
analysis, the conclusions are not in question because the 
between-morph differences are negligible. 

The effect of morph of female on the number of neo
nates contained in a litter was examined in a combined 
group of 31 females from samples 1 and 2. As it is 
known that the number of young in a litter increases 
with female size, the test of morph differences must al
low for the effect of possible differences between striped 
and melanic females in this covariate. Results of this 
analysis of covariance demonstrate that the residual var
iances are homogeneous (Bartlett's X2 = 0.41, 0.50<P< 
0.75. df = 1) and that there is no evidence of a differ
ence between the two morphs either in the slope (F = 
0.15, 0.50<P<0.75, df = 1 and 28) or in the elevation (F 
= 4.92, 0.50<P<0.75, df = 1 and 29) of their regression 
lines. 

None of the aspects of reproduction investigated 
herein indicates morph differences. The proportion 
gravid is not different between striped and melanic fe
males nor do the two morphs give birth to different 
numbers or sizes of offspring. Striped and melanic neo
nates show very similar lengths and weights. 

Weight-Length Relationships and Growth 
The objective of this section is to compare striped and 
melanic snakes on standardized weight ("condition"), 
growth, and body proportions. Comparison of the 
adults is based on field data. We also compared growth 
in the laboratory of striped (n = 14) and melanic (n = 
14) neonates born to two striped females from the 1975 
Long Point sample. The young were fed weekly, and 
housed in individual containers kept in an environmen
tal room. The photoperiod was 12L:12D and the temper
ature alternated between 25°C at night and 30° during 
the day. 

The weight-length relationships of striped and me
lanic adult snakes were described by means of linear 
regression analysis of the log-transformed variables and 
then compared using analysis of covariance. Informa
tion from all captures, combined over year and season, 
was included but the sexes were treated separately. 

The four regressions (male and female for melanic 
and striped) are strongly linear and of course highly sig
nificant. Within each sex, the variance about the regres
sion axis is comparable between the two morphs; in 
males, Bartlett's test (homogeneity of variances) 
achieves borderline significance by virtue of the large 
sample sizes. From the analysis of covariance we must 
conclude that striped and melanic are extremely similar 
in their weight-length relationships. In neither the test 
for slope differences (males: F = 1.89,0.10<P<0.25, df 
= 1 and 338; females: F = 0.03, 0.75<P, df - 1 and 607) 
nor the test for differences in standardized weight 
(males: F = 0.15, 0.50<P<0.75, df = 1 and 338; females: 
F = 1.39, 0.10<P<0.25, df = 1 and 607) do the results 
even approach significance. In view of the substantial 
sample sizes, we consider this to be a strong statement 
from the data. 

The relationship between tail length and snout-vent 
length was described using linear regression; neither 
variable was transformed. The morphs were compared 
by means of analysis of covariance, with separate analy
sis for male and female. 

For males, the regressions of both morphs are highly 
linear and easily significant. The analysis of covariance 
returns no indication of morph differences. The residual 
variances are homogeneous, and the regression coeffi
cients (F = 0.02, 0.76<P, df = 1 and 114) and standard
ized tail lengths (F = 0.97, 0.25<P<.50, df = 1 and 114) 
are extremely similar. As with males, the regressions for 
females of both morphs are completely linear and 
highly significant. However, the analysis of covariance 
provides a surprising result: although residual variances 
and regression coefficients do not differ significantly be
tween the two morphs (F = 0.77, 0.25<P<0.50, df = 1 
and 189), there is a significant difference in adjusted 
means (F = 4.35, 0.025<P<0.05, df = 1 and 189). Me
lanic females, at a common snout-vent length, have 
slightly longer tails (3.0 mm in a tail about 140 mm long) 
than do their striped counterparts. 

Study of growth in snakes is complicated by the ab
sence of a size-independent criterion of age that is suit
able for field studies. The following method was de
vised to take advantage of the information that can be 
obtained, viz. length at capture, length at recapture, 
and elapsed time between captures. Delta-L, the change 
in length (growth increment), can be considered to be a 
function of length at first capture and elapsed time. To 
describe the variation in Delta-L, we used stepwise mul
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tiple regression to express this variable as a quadratic 
function of the two independent variables (both a priori 
considerations and examination of the data indicated 
that the function should be curvilinear). For both males 
and females, the fitted polynomial surface is highly sig
nificant (P«0.001) and accounts for over 65% of the 
variation in Delta-L. 

Within each sex, the growth of melanic and striped 
morphs was compared in the following manner. Indi
vidual points were expressed as vertical deviations from 
the fitted surface. The two samples of deviations, corre
sponding to the two morphs, were tested using the Wil
coxon two-sample test. There is no suggestion of a 
morph difference in either sex (males: t = 0.58, 
0.20<P< 0.40, df = 176; females: t = 0.59, 
0.50<P<0.90, df = 325). 

The initial weight of striped and melanic young from 
the litters born to two Long Point females in the 1975 
sample, and the growth increment over 16 weeks in the 
laboratory thereafter, were compared using a two-factor 
analysis of variance. Results of these tests do not sug
gest any effect attributable to the female (F = 0.19, 0.50< 
P<0.75, df = 1 and 24), or to morph of the young (F = 
0.30, 0.50<P<0.75, df = 1 and 24). This absence of a 
difference in growth between the two morphs held de
spite considerable variation in weight gain across the 28 
young. The smallest growth increment was less than 
half that of the largest. Although all snakes were offered 
very similar amounts of food, they differed in the 
amount consumed. Not surprisingly then, food intake 
was highly correlated with growth increment (r = 0.90, 
P«0.001). 

The weight-length relationships of striped and me
lanic snakes do not differ, nor is there any suggestion 
of a difference in growth. Melanic females may have 
slightly longer tails than do striped females. 

Scale Variation 

The objective of this section is to compare the two 
morphs on four meristic variables: number of ventral 
scales, number of subcaudal scales, position of loss of 
the fourth scale row, and a measure of left-right asym
metry. In this we are viewing the scale counts as general 
indices of the precision of embryonic development. Our 
motivation was to compare striped and melanic snakes 
on a basic feature of their morphology not obviously 
suggested by a priori hypotheses on the adaptive signif
icance of melanism. 
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For the ventral and subcaudal counts, and for the 
asymmetry measure, there is no indication of a differ
ence between striped and melanic snakes in either the 
mean or variance. These conclusions hold in both males 
and females, despite significant sexual dimorphism on 
all characters. Striped and melanic males showed no dif
ference in the position at which the fourth scale row 
ended. In females, however, melanics on average lost 
scale row four about 2.5 ventral scales posterior to that 
of their striped counterparts; this difference achieves 
borderline significance (Wilcoxon two-sample test, t = 
1.95, 0.05<P<0.075, total n = 159). For both sexes, the 
morphs do not differ in the variance of this index. 
Again, the sexes differ very significantly both in location 
and in variance (tests not reported). 

Predation 

The objective of this section is to compare the two 
morphs on vulnerability to predation. The presence of 
scars on the body is used as an index of predation. This 
index was assessed dichotomously: body with scars or 
without. 

Analysis of a morph by sex by injury-status classifica
tion for snakes captured at the TIP (total n = 316) indi
cates that morph is independent of injury status (G = 
0.47, 0.25<P<0.50, df = 1). However, the sex by injury 
status term achieves borderline significance (G = 4.14, 
0.025<P<0.05, df = 1). Among males, 0.24 bear scars 
compared with 0.35 among females. The comparable 
analysis for snakes captured at the BW (total n = 137) 
reveals a different pattern. The morph by injury status 
term reaches borderline significance (G = 3.60, 
0.05<P<0.075, df = 1) but all other terms are nonsig
nificant. The proportion showing injuries is 0.39 among 
striped snakes and 0.56 among melanics. In contrast 
with the results from the TIP, the proportion showing 
injuries is 0.428 among males and 0.463 among females. 

A comparison of the two study areas was effected 
with a sex by injury-status by study-area classification. 
The injury-status by study-area term does attain a high 
level of significance (G = 8.34, P<0.005, df = 1). Aver
aged over the two sexes, the proportion showing inju
ries is 0.31 at the TIP but rises to 0.45 at the BW. 

This analysis of body scars suggests that melanics are 
more vulnerable to predation than are striped individu
als. The proportion melanic is lower at the BW than at 
the TIP, and predation appears to be more intense at the 
BW than at the TIP. This comparison on the basis of fre

http:0.50<P<0.90
http:0.50<P<0.75
http:0.25<P<0.50
http:0.025<P<0.05
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quency accords with our subjective assessment of the 
severity of injuries occurring in the two study areas. Po
tential predators (Raccoon, Procyon lotor, various her
ons, family Ardeidae, and hawks, Buteo spp.) are far 
more common at the BW than at the TIP (personal ob
servation). Nevertheless, the difference in frequency 
and intensity of injuries is remarkable for there is much 
more cover (long grass) available at the BW than at the 
TIP; we certainly found it more difficult to capture 
snakes there. Not only are melanics less common at the 
BW where predation is more severe, but at this location 
there is at least the suggestion that melanics display 
more scars than do striped individuals. Presumably this 
is due to the reduced crypticity of melanic snakes. We 
encountered no conditions at Long Point under which 
melanics were less conspicuous than the striped morph; 
in all normal situations melanics were easier to see than 
were striped snakes. 

In addition to the difference in crypticity, melanics 
also may have lost one additional element in the anti-
predator repertoire of T. sirtalis:flash coloration. With 
striped snakes, a striking zig-zag pattern of black and 
white is revealed on the skin when the anterior portion 
of the body is inflated. The orange or red color some
times present on the lateral surface of these snakes is 
particularly evident under these conditions and the en
tire effect can be enhanced by flattening the body dorso
ventrally (Arnold and Bennett 1984). Obviously this 
functions only in the striped morph (although melanics 
will inflate and compress their bodies as well). Thus it 
may be that striped snakes would startle a predator and 
escape from it more frequently than would melanic 
snakes. 

General Discussion: The Adaptive Significance of 
Melanism in Lake Erie T. Sirtalis 
Striped and melanic common garter snakes display 
strong similarity over a broad array of (primarily) eco
logical characteristics. This similarity constrains discus
sion of the adaptive significance of the polymorphism. 
We are comfortable considering further only the morph 
differences in temperature and crypticity-predation. In 
our opinion, the interpretation of suggested morph dif
ferences in length and body proportions is not war
ranted now, despite intriguing reports that melanic 
male adders may be somewhat larger than normally col
ored males (Andren and Nilson 1981; Madsen and 

Stille, unpubl. manuscript). In both garter snakes and 
adders, the morph differences in "size" are small and 
are restricted to the larger sex. We also are cautioned by 
the involvement of thyroxine in both growth and 
pigmentation. 

We believe that part of the ecological significance of 
melanism may lie in the superior ability of this morph to 
convert solar radiation to body heat. Such an advantage 
would be restricted to those environmental conditions 
under which the attainment of "preferred" body tem
peratures was not trivial. However, this is an argument 
for melanism in any habitat where optimal body tem
peratures cannot always be reached, and this presum
ably includes most of the temperate zone. The presence 
of melanics on Long Point and their absence on the im
mediately adjacent mainland might indicate that the 
Point is a thermally more "difficult" habitat for snakes 
than is the mainland. Is there any evidence for this? 

A body of water as large as Lake Erie has tremendous 
thermal inertia, being slow to warm in the spring and 
slow to cool in the fall (Albrecht, this volume). It is com
mon knowledge among those familiar with Long Point 
that the seasonal vegetation changes there lag behind 
those of the mainland: growth is delayed about two 
weeks in the spring, whereas killing frosts are delayed 
in the fall. Long-term maximal and minimal daily tem
peratures (monthly means) from meteorological stations 
located at the eastern tip of Long Point, and nearby on 
the mainland, support these subjective characteriza
tions. In spring, maximal air temperatures on the point 
lie below those on the mainland (comparable maxima 
are delayed by about two weeks at this time). The differ
ence drops as the summer progresses but is still distinct 
in early fall. Minimal temperatures are similar in the two 
areas in spring. Thereafter Long Point's minimum rises 
above that of the mainland and this difference remains 
substantial into December. Critical processes in the an
nual cycle of T. sirtalis occur in spring (courtship and 
copulation for males, vitellogenesis and the initial stages 
of gestation for females). Thus, during spring at Long 
Point, T. sirtalis faces not only the low insolation intensi
ties characteristic of the season, but also the additional 
obstacle of atypically low air temperatures imposed by 
Lake Erie. Presumably this latter influence is aggravated 
by the sparse vegetation that characterizes the TIP and 
other parts of Long Point. 

If Long Point in spring is an atypically cold habitat for 
T. sirtalis, is this feature common to the other regions 
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supporting polymorphic populations of this species? 
Point Pelee, Long Point, and the southwest shoreline of 
Lake Erie are described in the literature as supporting 
melanics (Patch 1919; Logier 1929; Conant 1938, and 
Conant cited by Blanchard and Blanchard 1940b). We 
canvassed workers familiar with the lake, especially its 
western basin, to determine if other polymorphic popu
lations occurred. Melanics are reported from Point aux 
Pins (the Rondeau spit, P. G. Wiper), Pelee Island (C. 
Campbell, J. M. Condit), East Sister Island (C. Camp
bell, W. D. Shall), and West Sister Island (J. M. Condit, 
C. F. Walker). We obtained no information for Kelleys 
Island, and conflicting reports for the Bass Islands (me
lanics present: N. W. Britt, S. Tilley; melanics absent: C. 
F. Walker). Numerous polymorphic populations were 
reported from the southwest shoreline: Point Place (R. 
Conant), Ottawa National Wildlife Refuge and Crane 
Creek Wildlife Experiment Station (Magee Marsh. T. N. 
Bailey, M. G. Tansey, W. Botsford), Winnous Point 
Marsh (C. F. Walker, R. L. Meeks, personal observa
tions), Port Clinton and Catawba Island (R. Conant). 
Kraus and Schuett (1982) and King (unpubl. manu
script) recently have confirmed the presence of melanics 
at many of these sites, including North and Middle Bass 
islands. 

All areas that support melanics appear to be low-pro
file habitats in intimate association with Lake Erie. In 
many cases the substrate is sand or partly sand. How
ever, long-term temperature records for Pelee Island 
and two mainland localities indicate only minor differ
ences. The pattern here is similar to that at Long Point 
but the differences between island and mainland are 
less dramatic. Nevertheless, the temperature regimes at 
Point Pelee and Point aux Pins are at least qualitatively 
similar to that of Long Point: maximal spring air temper
atures are reduced and the growing season is delayed 
(E. R. Knight and P. G. Wiper, personal communica
tions). Similar effects apparently characterize the islands 
and southwest shoreline of the western basin (Albrecht, 
this volume). 

We next surveyed other species of snakes for exam
ples of melanism to determine if these also were associ
ated with thermally challenging habitats. At present this 
is difficult to do in an ideally quantitative, objective 
manner. The term melanism is used loosely in the litera
ture to describe everything from a slight darkening to 
the extreme demonstrated by T. sirtalis. Particular 
sources also differ in the attention paid to phenomena 
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such as melanism, which may characterize only one or a 
few regional populations. With the caveat that our 
search was neither exhaustive nor necessarily random, 
we believe the following examples are informative. 

The common water snake, Nerodia sipedon, is widely 
distributed in the eastern United States and Canada, 
and commonly displays a tendency towards ontogenetic 
darkening (Conant 1975). By this process, larger (older) 
specimens may appear essentially black above, traces of 
the original pattern being visible only when the snake is 
wet. However, distinct from this is a melanism associ
ated with a population inhabiting the Outer Banks of 
North Carolina. These N. sipedon are essentially black 
above with very little evidence of pattern and appar
ently are so colored from birth (Conant and Lazell 1973). 

The grass or ringed snake, Natrix natrix, occupies all 
but the northernmost part of Europe, and extends 
across Asia as far as Lake Baikal. Across this range it 
displays considerable variation in coloration, and nine 
subspecies have been erected (Steward 1971). Melanics 
occur sporadically over much of this range (R. S. 
Thorpe, E. N. Arnold, personal communication), but 
their frequency in two regions attracts attention. Von 
Haartman (1947) has described black N. natrix from the 
southwest coast of Finland and the archipelago stretch
ing from there west to Sweden. Here melanics can be al
most completely black although the variation appears to 
be continuous. Black or nearly black specimens also oc
cur on some of the Greek Islands. On Milos and Kimo
los, in the Cyclades group, the proportion melanic is 
estimated to be about 60%; two other color morphs also 
occur. Here the variation seems to be discrete. A similar 
phenomenon also occurs in the N. natrix inhabiting the 
delta of the Danube river (I. E. Fuhn, personal commu
nication), a particularly interesting example in view of 
the proximity to melanic N. tessellata (see below). Me
lanic N. natrix are reported from above 2,000 m in the 
East Carpathians (Bieszczady Mountains, Mlynarski, 
personal communication). 

The dice snake, Natrix tessellata, occurs in a broad 
band from southeast Europe to southwest and central 
Asia. Its ground color varies from a light green to dark 
grey, with four longitudinal rows of large, variably dark 
spots on the dorsal and lateral surfaces. One subspecies 
has been described; the N. tessellata inhabiting Serpents 
Island (Serpilor or Zmeiny Ostrov) in the Black Sea off
shore from the delta of the Danube river are described 
as either monomorphic black (Steward 1971) or as poly
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morphic, with melanics and normal brown specimens 
(Calinescu 1931). 

The adder, Vipera berus, has a wide distribution, rang
ing from western Europe across Asia to the Pacific coast. 
The coloration of this animal is exceedingly variable, the 
basic form being a mid-dorsal zig-zag pattern upon a 
lighter background. According to Steward (1971) melan
ics are "regularly reported" more commonly so in some 
areas than in others. Naulleau (1972, 1973a) describes 
melanic V. berus from the French Jura mountains. The 
color variation is discrete, melanics being essentially jet-
black and distinct from the normal morph. In this spe
cies, melanism is ontogenetic in expression. The young 
adders destined to become melanic are largely normal 
(but distinct) in coloration at birth and darken as they 
grow. Recently, Andren and Nilson (1981) have re
ported an apparently similar melanism in populations of 
adders from islands in the Kattegat Sea (southwest 
Sweden). 

The distribution of the asp viper, V. aspis, is restricted 
to southern Europe, essentially a small subset of the 
range of V. berus. The coloration is variable and roughly 
similar to that of the adder. Naulleau (1972,1973a, b) 
describes a polymorphic population of asp vipers from 
the valley of Lac de Coudre, in the canton of Fribourg, 
Switzerland, at an altitude of 1,200 m to 1,500 m. The 
melanics are essentially black on the dorsal surface al
though the normal pattern is visible in some specimens 
when the skin is stretched. The other morph in this 
population has a normal background coloration with the 
dorsal pattern strong and contrasting. As with the ad
der, the melanism is ontogenetic. The young are born 
with a contrasting pattern and, in those destined to be
come melanics, the background coloration gradually 
darkens as the snakes grow. 

In the examples described herein, melanics are associ
ated either with water (lake, ocean, sea) or with moun
tains. We can think of no characteristic common to both 
types of habitats other than low temperature. Mountain 
habitats appear to provide both a serious problem to 
snakes as well as an appropriate solution. While air tem
peratures drop with increasing altitude, insolation in
tensities increase (Saint Girons and Saint Girons 1956). 
We believe that this comparative evidence argues 
strongly that a large part of the adaptive significance of 
melanism lies in the improved efficiency with which so
lar radiation can be converted to body heat. 

If thermoregulatory considerations select for melan

ism in "cold" environments, what selects against me
lanism in the great majority of habitats? For three 
reasons we believe that the answer here is that melan
ism reduces the crypticity of a snake and hence in
creases its exposure to predation. To begin, it is our 
strong impression, based on extensive field work at 
Long Point, that melanic T. sirtalis never were less con
spicuous than the striped morph and usually were ap
preciably easier to see. Presumably black would be more 
cryptic on very dark but reasonably well-lighted back
grounds. Such habitat not only is rare but also is un
likely to support snakes. Secondly, the data presented 
herein indicate that melanics do suffer heavier preda
tion. Moreover, the experiments of Andren and Nilson 
(1981) strongly suggest that melanic adders are more 
conspicuous to visual predators than are normally col
ored adders. We also have argued that melanism re
moves "flash coloration" as one possible element of the 
antipredator repertoire of garter snakes. Madsen (1987) 
presents some experimental evidence for a similar effect 
of melanism in juvenile grass snakes in Sweden. 

Finally, we interpret the coloration of snakes in gen
eral to be cryptic. The sorts of color pattern, in birds and 
insects for example, that presumably function in inter-
and intraspecific communication are nearly absent in 
snakes. Even very poisonous snakes, including those 
that are active predators of inactive prey, are not gener
ally characterized by aposematic coloration. Jackson et 
al. (1976) have discussed the crypticity of snakes and 
have argued that the particular sort of protective colora
tion adopted varies with the habitat type and hunting 
style of the species involved. Moreover, many snakes 
display ontogenetic variation in coloration. Here the 
progression seems to involve matching the type of cryp
ticity to the changing size and life style of the snake. We 
believe it is an accurate generalization that the single 
most important function subserved by the coloration of 
snakes is minimizing the probability of detection by 
predators. 

Little can be said at the present time about the precise 
mechanism maintaining the striped-melanic poly
morphism in Lake Erie populations of T. sirtalis. Both 
morphs persist on islands in the western basin of the 
lake where it seems unlikely, in this species at any rate, 
that there is important interchange with the mainland. 
Thus any model relying on a balance between immigra
tion of striped individuals and a local advantage of me
lanics cannot be sufficient. However, isolation could 



243 C H A P T E R 22 

affect morph frequencies and some of the localities that 
support melanics, including Long Point, are quite iso
lated (see also King, unpubl. manuscript). As well, 
some versions of frequency-dependent selection (Ayala 
and Campbell 1974) seem not to be probable candidates 
here. Mate location and identification by males appar
ently is effected almost entirely through olfaction and is 
not dependent on vision (Noble 1937). Very little is 
known about female choice in snakes, but there is no 
suggestion that she discriminates visually among her 
suitors. We think it is unlikely that a visual predator of 
garter snakes would choose between striped and me
lanic morphs in a frequency-dependent manner. This 
model might apply to the coexistence of striped and 
"checkered" morphs in some areas (see Conant 1975), 
but we believe the melanic morph simply is too 
conspicuous. 

At Long Point, open habitats with reduced vegetation 
will be most influenced in spring by cold winds off the 
lake. Inasmuch as such areas, where extensive, are early 
serai stages they may also show less intense predation 
(e.g., TIP versus BW). Thus open habitats may select for 
heat gain efficiency and exact a lower price for reduced 
crypticity. As in the case of mountain habitats, the 
strong isolation reaching the ground in poorly vegetated 
areas makes melanism a particularly effective solution to 
problems posed by low temperatures. In more heavily 
vegetated areas, the thermoregulatory premium accru
ing to melanics may be reduced whereas the cost of 
poorer crypticity could be higher. In this way it may be 
possible to entertain a "multiple niche" hypothesis 
(Prout 1968). It also is possible that fitnesses vary cycli
cally over the course of the year. Presumably the major 
advantage of melanism comes in spring but we do not 
know, and it would be difficult to determine, when pred
ator pressure is most severe. 

Felsenstein (1976) has argued that overdominance is 
the most likely mechanism for maintaining a poly
morphism when selection varies with time, although 
this need be only overdominance of geometric mean fit
nesses. The general arguments advanced above (i.e., 
melanism is "good" for thermoregulation but "bad" for 
crypticity) seem to merge well with an overdominance 
hypothesis. Suppose the heterozygote (which is pheno
typically striped, for melanism is recessive) is darker, 
and hence a more efficient thermoregulator than the 
dominant homozygote. If it retains sufficient expression 
of striping to be less conspicuous than the recessive 
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homozygote (melanic), overdominance could result. In 
this regard we are especially intrigued by the presence 
in polymorphic populations of unusually dark striped 
snakes. Logier and Snyder (1931) described the Long 
Point striped T. sirtalis as being "very dusky" with 
"rather dull" dorsal stripes. Certainly it is our impres
sion that Long Point striped T. sirtalis are darker than 
common mainland phenotypes and possess duller, less 
sharply defined striping. We also have seen dark 
striped snakes from polymorphic populations along 
the southwest shoreline, and they are reported to char
acterize the populations on Point aux Pins (P.G. Wiper, 
personal communication) and Point Pelee (F. Ross, per
sonal communication). 

There are several avenues along which further study 
of this polymorphism could continue and the western 
basin of Lake Erie is an attractive setting for this work. 
Scar and injury frequencies could be assessed for the 
two morphs in other polymorphic populations. If me
lanics generally are more vulnerable to predation, they 
should be characterized by higher scar frequencies 
wherever they occur. Since it now is possible to breed T. 
sirtalis more or less routinely in the laboratory, it is feasi
ble to consider experiments involving the release of 
large numbers of marked neonates of known genotype. 
Information relevant to the extent and timing of morph 
differences in predation would emerge if sufficient 
numbers could be recaptured. 

The overdominance hypothesis assumes that the het
erozygote is darker than the dominant homozygote (but 
still striped) and so predicts that all polymorphic popu
lations will be characterized by unusually dark striped 
individuals. This prediction could be tested with a care
ful, quantitative survey. The assumption that the heter
ozygote is darker also can be assessed through captive 
breedings. Unfortunately, this darker coloration may be 
acquired ontogenetically, as seen in the melanisms of 
some other species, described earlier. We carefully de
scribed the color and pattern of over 200 striped neona
tal T. sirtalis born to females from the BW population at 
Long Point. All possessed a background color best de
scribed as "light brown." Not one of these young re
sembled the common phenotype of adult striped 
snakes, which has a very dark brown or black back
ground color. Thus it may be necessary to raise some 
young to nearly adult size in order to accurately score 
the phenotype of heterozygotes. 

There is an additional reason why a careful survey of 
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the appearance of garter snakes in various Lake Erie 
populations may shed light on the genetic, and hence 
selective, basis of this polymorphism. On the mainland 
adjacent to the base of Long Point, we have found unu
sual adult garter snakes that completely lacked dorsal 
stripes. The entire dorsal surface of these individuals is 
very dark brown or black. The appearance of these indi
viduals is that of dark T. sirtalis that lack dorsal stripes. 
The color of the top of the head, the "iris", the lateral 
stripe, and the ventral surface all correspond to the 
striped morph. We never saw animals of this descrip
tion out on the point itself. However, we have recently 
found similar snakes in polymorphic populations from 
the southwest shoreline, and from written descriptions 
they may also occur on Pelee Island, Point Pelee and 
Point aux Pins (C. Campbell, F. Ross and P.G. Wiper, 
personal communications). At this point their signifi
cance remains unclear but, if the pattern proves to be 
characteristic of most polymorphic populations, the 
simple inheritance of melanism identified by the Blan
chards (Blanchard and Blanchard 1941) will have to be 
reexamined. 

This study does not indicate by what particular mech
anism an improved ability to convert insolation to body 
heat might be transformed into selective advantage. Be
havioral thermoregulation undeniably is generally im
portant to all but the most thermally passive reptile. 
Thus, not only is it difficult to envision just how an im
proved heat gain would not return some selective ad
vantage, but also it is reasonable to assume that such an 
advantage might accumulate from a variety of sources. 
Nevertheless, if melanism in T. sirtalis is associated with 
cold spring weather, then it seems reasonable to look 
for melanic advantages during that season. If melanic 
males can stay warmer than striped males during the 
time of courtship and copulation, they should realize a 
reproductive advantage. It might be possible to assess 
this by retaining large numbers of gravid females to de
termine the morph ratio among the neonates. A compa
rable advantage for females presumably could be 
expressed through an increase in the rates associated 
with vitellogenesis and embryogenesis. Young born ear
lier in the year have more time to feed before entering 
hibernation and this could increase over-winter sur
vival. The longer time over which these thermal advan
tages would be expressed in females makes this an 
attractive candidate for study. Unfortunately, experi
mental designs seem to depend on sacrificing substan
tial numbers of gravid females of the two morphs. 
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23 Low Levels of Genetic Variability of Yellow Perch (Perca 

flavescens) in Lake Erie and Selected Impoundments 

JAMES R. STRITTHOLT, SHELDON I. GUTTMAN, AND THOMAS E. WISSING 

The stock concept has been firmly established in the 
fisheries literature (Loftus 1976; Fairbairn 1981; Isles and 
Sinclair 1982). A stock is defined as "an intraspecific 
group of randomly mating individuals with spatial or 
temporal integrity" (Ihssen et al. 1981b). Although var
ious techniques have been used to identify fish stocks, 
many recent studies rely on electrophoretic analysis to 
measure levels of genetic variability reflecting pheno
typic variation. Random mating does not exist in most 
wild fish populations; instead fishes are usually subdi
vided into more discrete patches (stocks), with the de
gree of subdivision, as well as stock interaction (via 
migration), being important attributes of the species 
(Thorpe et al. 1981). Altukhov (1981) indicated that in 
such cases the stability of the genetic diversity of fish 
populations is strongly associated with the persistence 
and interaction of the subdivided stocks. Population 
subdivision may therefore be an adaptive property of 
the species. Furthermore, the loss of genetic diversity 
through stock depletion or elimination (e.g., Saunders 
1981) may seriously threaten the stability of the species 
(Thorpe etal. 1981). 

Several Great Lakes fish species have been examined 
electrophoretically in an effort to identify stock struc
ture. These include the lake whitefish Coregonus clupea
formis (Ihssen et al. 1981a), ciscoes Coregonus spp. (Todd 
1981), walleye Stizostedion vitreum vitreum (Colby and 
Nepszy 1981), lake trout Salvelinus namaycush (Dehring 
et al. 1981), and the sea lamprey Petromyzon marinus 
(Krueger and Spangewr 1981). Genetic data derived 
from some studies (e.g., Ihssen et al. 1981a) have sup
ported the stock structure concept; other electrophoretic 
studies (e.g., Colby and Nepszy 1981), show little ge
neric basis for observed group differences. Colby and 
Nepszy concluded that much of the apparent stock dif
ferentiation in walleye in the Great Lakes is environ
mental in origin. 

Although there were early attempts at stock identifi
cation in Lake Erie yellow perch (e.g., Scott 1955), the 
recent decline in this commercially valuable species, 
particularly in the central basin of the lake (Anonymous 
1983a, 1983b), has generated renewed interest in better 
defining the stock structure of this species. Petzold and 
Paine (1978) conducted a meristic study of Lake Erie yel
low perch and recognized, according to growth rate, 
western, eastern, and central basin subdivisions of the 
population. Rawson (1980) reported variable migration 
rates among groups of perch tagged in the western and 
central basins of the lake. No attempt has been made, 
however, to analyze electrophoretically the genetic com
position of yellow perch from these two basins. 

Genetic variability of yellow perch from Lake Michi
gan and Lake Champlain, New York-Vermont were 
compared by Leary and Booke (1982). A surprisingly 
low level of variability was found in the Lake Michigan 
fish. All 19 loci were essentially monomorphic, with a 
low average heterozygosity (H = 0.001). The symbol 
H is the mean number of heterozygotes per locus per in
dividual, with a low H value indicating little genetic di
versity. Yellow perch from Lake Champlain, a less 
disturbed system than Lake Michigan, were more poly
morphic (P = 21.1%) and heterozygous (H = 0.054). In 
view of these and other electrophoretic analyses, inter
esting questions arise regarding not just the stock struc
ture of Lake Erie yellow perch, but the overall genetic 
diversity of the population. Loss of genetic variability 
has become a major concern to scientists, with many de
clining species displaying low gene diversity. A contin
uum of vulnerability to loss of genetic resources exists 
for fishes; there are also numerous examples of genetic 
reduction because of human activities such as fishing 
and pollution (Thorpe et al. 1981). A loss of reproduc
tive fitness (= reproductive success), owing to factors 
such as lowered reproductive rates and fecundity, 
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might result from genetic uniformity. Thus, as a gene 
pool narrows, it becomes increasingly vulnerable to 
changing environmental conditions (Pianka 1983), mak
ing the species vulnerable to extinction (Smith and 
Chesser 1981). In the changing Lake Erie environment 
(Herdendorf 1982), the reported decline in the abun
dance of yellow perch (Anonymous 1983a) could be 
partly related to low genetic variability in the fish. With 
its present low genetic variability, yellow perch in Lake 
Erie may not be able to readily adjust to abrupt changes 
in the lake environment. 

This study was designed to answer the following 
questions: (1) What is the current level of genetic diver
sity of Lake Erie yellow perch? (2) Does evidence exist to 
support possible stock structuring? (3) How variable are 
yellow perch populations from other Ohio sites (includ
ing a hatchery stock) that were stocked originally with 
Lake Erie fish? (4) How do the results obtained for the 
Ohio fish compare with those for yellow perch from two 
outgroups (Oneida Lake, New York; Lake Champlain, 
New York-Vermont)? 

Study Sites 
LAKE ERIE—Historically, the yellow perch has been 

an important member of the Great Lakes fish commu
nity. It entered Lake Erie during early postglacial times, 
presumably through the Maumee Outlet (Trautman 
1981). Because of its frequent use of near-shore habitats, 
this species was one of the first captured with shoreline 
seines. During the early 1900s, yellow perch became 
commerically important; by the 1960s a major fishery 
had developed for this species. The yellow perch was 
the most abundant food fish taken in the Cleveland 
metropolitan area after 1970; however, by 1975 it had 
declined in abundance (White et al. 1975). Although 
some fluctuations in yellow perch numbers have been 
reported over the past years, capture records (tons of 
fish/year) since 1970 show values consistently below the 
mean of 3 million tons/year calculated for a 69-year pe
riod beginning in 1914 (Anonymous 1983b). 

ST. MARYS HATCHERY—In 1970, the Inland Fishery 
Research Unit, Ohio Division of Wildlife, instituted a 
program for the stocking of yellow perch in many Ohio 
upland reservoirs. On October 21,1974, 500 adult yel
low perch were collected from Lake Erie and trans
ported to the St. Marys Fish Farm in St. Marys, Ohio. 
Broodstock were selected from this group and used to 
develop a hatchery stock (Now 1983). 

Genetic Variability of Yellow Perch 

FERGUSON RESERVOIR—Ferguson Reservoir (sur
face area = 162 ha) was stocked initially in 1960 with ap
proximately 1,500 adult perch from Sandusky Bay, Lake 
Erie. Survivorship was good until the mid-1970s when 
reproductive success declined owing to predation by the 
introduced white bass Morone chrysops. Since reestab
lishment of a naturally reproducing population was dif
ficult, fingerlings from the St. Marys Hatchery were 
stocked in Ferguson Reservoir during 1976-1979 and 
1982-1984 (Darrell Allison, pers. comm.). 

BRESSLER RESERVOIR—Bressler Reservoir (surface 
area = 247 ha) was stocked initially in 1960 with adults 
from Lake Erie. A naturally reproducing population was 
never established; therefore, this impoundment was 
stocked with fingerlings from the St. Marys Hatchery 
during 1975-1978 and 1980-1984 (Darrell Allison, pers. 
comm.). 

FINDLAY RESERVOIR #2—Findlay Reservoir #2 
(surface area = 319 ha) was stocked initially in the early 
1970s with approximately 2,600 adult yellow perch from 
Ferguson Reservoir. Establishment of natural reproduc
tion in this system also failed. In 1973, Findlay #2 was 
stocked for the last time with approximately 3,000 adult 
yellow perch from Lake Erie. A yellow perch population 
apparently exists, but numbers appear to be low (Dar
rell Allison, pers. comm.). 

GRAND LAKE ST. MARYS—The history of the yellow 
perch in Grand Lake St. Marys (surface area = 5,061 ha) 
is not as clear as in the previous locations. Yellow perch 
are believed to have migrated from Lake Erie to this lake 
via the Erie Canal. As the canal system became obsolete, 
sections of it were filled, thereby isolating the fish in 
Grand Lake St. Marys from those in Lake Erie. Since 
that time, there have been reports of possible mixing 
with yellow perch from the adjacent hatchery facility. 
Because of recent modifications of the hatchery, how
ever, the potential for mixing has been eliminated (Dean 
Now, pers. comm.). 

Materials and Methods 
Yellow perch (N = 372) were collected by seine, trawl, 
or angling at 13 locations (fig. 1, table 1). They were fro
zen immediately after capture, and stored at -70°C in 
the laboratory prior to analysis. Two samples each from 
the western and central basins of Lake Erie were taken 
in spring, 1982; one sample was collected from each of 
the two basins in spring, 1984. Fish from three reser
voirs (Bressler, Ferguson, and Findlay #2), the Ohio 
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Fig. 23.1. Locations of yellow perch samples. Site numbers correspond to those in table 1. 

40 80 

hatchery, Oneida Lake, New York, and Lake Cham
plain, New York-Vermont, were provided by the Ohio 
Division of Wildlife (District 2), St. Marys Fish Farm, Dr. 
J. L. Forney of Cornell University, and Dr. C. W. Kilpa
trick of the University of Vermont, respectively. 

Total body length and wet body weight were re
corded for each fish; age was estimated by scale analy
sis. Age of fish was not included in the analysis for the 
following reasons: (1) age determination for fish from 
some locations (e.g. western basin) was difficult and un
reliable; (2) some samples contained only two age 
groups owing to size selectivity of the gear used for cap
ture; and (3) many samples showed no generic variabil
ity; therefore, correlations between genetic diversity 
and age could not be made. 

Samples of eye, muscle, heart, liver and kidney tissue 

were taken from each fish and homogenized in 2% 2
phenoxyethanol buffer. After the homogenate was cen
trifuged at 12,000 rpm for 30 minutes at 0° C, the result
ing supernatant was stored (usually a maximum of 24 h) 
at -70° C until the electrophoretic analyses were 
performed. 

A modified, horizontal starch gel (15%) electropho
retic technique was employed (Selander et al. 1971; Hat
field et al. 1982) for the resolution of 54 genetic loci for 
each fish. The enzymes, EC (enzyme commission) num
bers, enzyme abbreviations, numbers of loci and buffer 
systems used are given in table 2. The four gel buffers 
that were used included: TB = tris-boric acid EDTA gel 
and tray buffer (pH 8.5); LiOH = lithium hydroxide 
buffer (pH 8.1); RW - tris-citric acid buffer (pH 8.5); 
and TC = tris (hydroxymethyl) aminomethane-citrate 



Table 23.1 Locations, Dates of Collection, and Sample Sizes (N) 
for Yellow Perch Used in Electrophoretic Analysis 

Sample 
number Location Date 

1 St. Marys Hatchery June 1984 40 
2 Grand Lake St. Marys June 1984 12 
3 Bressler Reservoir May 1984 40 
4 Ferguson Reservoir May 1984 28 
5 Findlay Reservoir #2 May 1984 23 

Western Basin (Lake Erie) 
6 Middle Sister April 1984 40 
7 Green Island May 1982 21 
8 Sandusky Bay May 1982 21 

Central Basin (Lake Erie) 
9 Cedar Point May 1982 18 

10 Berlin Heights May 1982 21 
11 Fairport April 1984 40 
12 Oneida Lake (NY) September 1984 34 
13 Lake Champlain (NY-VT) May 1982 34 

Table 23.2 Enzymes, EC Numbers, Enzyme Abbreviations, Numbers of Loci, and 
Buffer Systems Used in Electrophoretic Analysis of Yellow Perch 

Buffer 
Enzyme EC# Abb. # Loci System 

Aconitase 4.2.1.3 ACON 2 LiOH 
Aldolase 4.1.2.13 ALD 4 TB 
Diaphorase 1.6.*.* DIA 2 TB 
Esterase 3.1.1.1 EST 6 LiOH 
Fructose diphosphatase ? FDP 1 RW 
Glucokinase 2.7.1.2 GK 2 TC 
Glutamate oxalate transaminase 2.6.1.1 GOT 2 TC 
Glyceraldehyde-3-phosphate dehydrogenase 1.2.1.12 G-3-PDH 3 TC 
Glyceraldehyde-6-phosphate dehydrogenase 1.1.1.49 G-6-PDH 1 TC 
Homoserine dehydrogenase ? HSD 1 TC 
Isocitrate dehydrogenase 1.1.1.42 IDH 3 TC 
Lactate dehydrogenase 1.1.1.27 LDH 3 RW 
Malate dehydrogenase 1.1.1.37 MDH 2 TC 
Malic enzyme 1.1.1.40 ME 2 LiOH 
Mannose phosphate isomerase 5.3.1.8 MPI 2 TB 
Octopine dehydrogenase ODH 1 LiOH 

Peptidase 3.4.11. PEP 2 LiOH 
6-Phosphogluconate dehydrogenase 1.1.1. 6-PGDH 1 TC 

Phosphoglucose isomerase 5.3.1.9 PGI 3 RW 

Phosphoglucomutase 2.7.5.1 PGM 3 RW 

Sorbitol dehydrogenase 1.1.1.14 SDH 2 TC 

Shikimic acid dehydrogenase 1.1.1.25 SHIK-DH 1 LiOH 

Superoxide dismutase 1.15.1.1 SOD 1 TC 

Nonspecific protein - TP 4 LiOH 

TOTAL 24 54 4 
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buffer (pH 8.0). Included in the analysis are unpub
lished data collected by S. I. Guttman, T. E. Wissing, 
and L. Weight, who examined genetic variability at the 
same 54 loci in yellow perch collected from Lake Erie (N 
= 81) and Lake Champlain, New York-Vermont (N = 
34) in 1982. 

Banding patterns were classified in the following 
manner. When polymorphism existed, alleles of great
est anodal migration were labeled as "a," next "b," etc. 
When isozymes were present, the locus with the great
est anodal migration was labelled as " 1 ,  " next "2," etc. 
Allelic frequencies were calculated and analyzed with 
BIOSYS-1 (Swofford and Selander 1981). Average heter
ozygosity (H) was calculated for each of the population 
samples in two ways: (1) the proportion of heterozy
gous loci by direct count; and (2) the usual estimate 
based on Hardy-Weinberg expectations (Nei 1978). Per
cent polymorphism (P) was calculated for each sample 
population by dividing the number of polymorphic loci 
(a locus was considered polymorphic if there were more 
than one allele present) by the total and then multiply
ing by 100. A Chi-square analysis of deviation from 
Hardy-Weinberg equilibrium was conducted for each 
population with Levene's (1949) correction for small 
sample sizes; contingency Chi-square analyses of heter
ogeneity among populations were also performed. Ge-

Physiological Ecology and Genetics 

netic similarity (Rogers 1972) and distance (Modified 
Rogers'; Wright 1978) coefficients were calculated for 
each location; a cluster analysis was then performed 
with the UPGMA (unweighted pair-group method with 
arithmetic averaging, Sneath and Sokal 1973). 

Results 
Only three of the 54 genetic loci resolved (LDH-2, 
PGM-2, and PGI-3) displayed any genetic polymorph
ism. Allelic frequencies for these loci are presented in ta
ble 3. 

With the exception of one individual (Fairport sam
ple, table 3) that was heterozygous at the PGM-2 locus, 
all Lake Erie yellow perch were monomorphic (table 4). 
Individuals from Findlay #2 and Grand Lake St. Marys 
showed the same monomorphism, with P = 0.0% and 
H = 0.000. The hatchery, Bressler Reservoir, and Fergu
son Reservoir fish had identical values for percent poly
morphism (P = 1.8%), with accompanying low levels of 
average heterozygosity (H = 0.003, 0.002, and 0.003, re
spectively). All loci in these fish were monomorphic, ex
cept for LDH-2, where a fast allele "a" was present in 
only these populations (table 3, fig. 2A). In contrast, the 
Oneida Lake and Lake Champlain yellow perch were 
more variable (P = 3.7%; H = 0.020). 

Table 23.3 Allelic Frequencies for Polymorphic Loci in Yellow Perch from the 13 Populations. Population 
Numbers Correspond to Those in Table 23.1 

POPULATION 
2 2 3 4 5 6 7 8 9 10 22 22 13 

LDH-2 
(N) 40 12 40 28 23 40 22 22 28 21 40 34 34 

A 0.90 0.00 0.05 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
B 0.91 1.00 0.95 0.93 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

PGM-2 
(N) 40 22 40 28 23 40 22 22 18 22 40 34 34 

A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.19 0.46 
B 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.22 0.35 
C 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.59 0.19 

PGI-3 
(N) 40 22 40 28 23 40 22 21 28 22 40 34 34 

A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 
B 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.29 0.72 
C 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.71 0.18 
D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 



Table 23.4 Genetic Variability of 13 Populations of Yellow Perch 

Mean heterozygosity 

Population 

St. Marys Hatchery 
Grand Lake St. Marys 
Bressler Reservoir 
Ferguson Reservoir 
Findlay Reservoir #2 
Middle Sister (WB) 
Green Island (WB) 
Sandusky (WB) 
Cedar Point (CB) 
Berlin Heights (CB) 
Fairport (CB) 
Oneida Lake 
Lake Champlain 

Mean sample Mean no. Percentage 
size of alleles of loci Direct Hardy-Weinberg 
per locus per locus polymorphic* count expected** 

40 
12 
40 
28 
23 
40 
21 
21 
18 
21 
40 
34 
34 

1.02 
1.00 
1.02 
1.02 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.06 
1.09 

1.8 
0.0 
1.8 
1.8 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.8 
3.7 
3.7 

0.003 
0.000 
0.002 
0.003 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.001 
0.020 
0.020 

0.003 
0.000 
0.002 
0.003 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.001 
0.018 
0.020 

*A locus is considered polymorphic if more than one allele was detected 
"Unbiased estimate (See Nei 1978) 

B 

3*, 
10 15 5 10 15 

15 10 15 10 

Fig. 23.2. Starch gels stained for all polymorphic loci showing allelic combinations found in electrophoretic analysis of yellow perch. (A) 
LDH-2, ab heterozygotes correspond to #3, 10, and 20. All others are bb homozygotes. (B) PGM-2, ac heterozygotes correspond to #3, 
4, 8, 9, 13, and 16; be heterozygotes correspond to #7, 14, and 19; one ab heterozygote is shown at #5. One bb homozygote corresponds 
to #10. All remaining individuals (e.g., #11) are cc homozygotes. (C) PGI-3, be heterozygotes correspond to #8, 9, 11, 14, and 16. All 
remaining individuals (e.g., #7) show cc homozygotes. (D) PGI-3 (continued), be heterozygotes correspond to #2, 5, 6, and 10; bd heter
ozygotes correspond to #11 and 17; ab heterozygotes correspond to #3 and 12. Number 18 is a cc homozygous individual. 
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Three PGM-2 alleles (a, b, and c) occurred in fish 
from both Oneida Lake and Lake Champlain (table 3). 
All other fish examined, excepting one central basin het
erozygote (be), contained only the "c" allele at this locus 
(fig. 2B). In addition, for PGI-3, Oneida Lake yellow 
perch had two alleles (b and c) while Lake Champlain 
fish had four alleles (a, b, c, and d). Fish from the other 
11 sites had only the "c" allele for PGI-3 (table 3, fig. 2C 
and D). 

All of the yellow perch populations were in Hardy-
Weinberg equilibrium. Contingency Chi-square values, 
showing the nonrandom occurrence of allelic frequen
cies for the three polymorphic loci, are given in table 5. 

Electrophoretic relationships based on modified Rog
ers' genetic distance coefficients (Wright 1978) for the 
yellow perch populations are shown in dendrogram 
form in figure 3. The Lake Champlain population dif
fered from the other 12 sites. Oneida Lake yellow perch, 
though genetically more similar to the Ohio fish, were 
also unique. The relative degrees of PGM-2 and PGI-3 
variability account for these differences between the 
Oneida Lake and Lake Champlain populations and 
those from Ohio. All of the Ohio populations were very 
similar in genetic structure. The samples from the 
hatchery stock, Ferguson Reservoir, and Bressler Reser
voir clustered together owing to similarity in LDH-2 
variability. The Fairport (central basin) population was 
slightly distinct because of the one PGM-2 heterozy
gote; the remaining Ohio populations (N = 7) were 
monomorphic for all of the 54 genetic loci. 

Table 23.5 Contingency Chi-square Analysis for All 

Polymorphic Loci 

No. of 

Locus alleles Chi-Square D.F. P 

LDH-2 2 40.28 12 <0.001 

PGM-2 3 468.79 24 <0.001 

PGI-3 4 494.01 36 <0.001 

Discussion 
Evidence for different stocks was not found in yellow 
perch from the western and central basins of Lake Erie. 
This does not mean, however, that stock structure is 
lacking in this system or in the species, in general. Na
kashima and Leggett (1975) concluded that different 
stocks of yellow perch may occur in Lake Memphrema
gog, Quebec-Vermont. Similar findings were reported 
for yellow perch from Oneida Lake, New York, (Clady 
1977) and from West Blue Lake, Manitoba (Kelso and 
Ward 1977). Several tagging studies have also yielded 
some evidence of within-lake population structuring in 
this species (Teleki 1974; Rawson 1980), though Ihssen 
et al. (1981b) have cautioned that tagging experiments 
may measure fish movements and not gene flow. 

Electrophoretic data have clearly shown stock struc
turing in some marine and freshwater fishes (e.g., witch 
flounder Glyptocephalus cynoglossus, Fairbairn 1981; At
lantic salmon Salmo salar, Saunders 1981; lake trout Sal
velinus namaycush, Dehring et al. 1981; lake whitefish 

MODIFIED ROGERS' DISTANCE 

0.16 0.14 0.12 0.10 0.08 0.06 0.04 0.02 0.00 
- r  - H H— — I  

ONEIDA LAKE 
MIDDLE SISTER (WB) 
ST. MARYS 
FINDLAY #2 
GREEN IS. (WB) 
SANDUSKY (WB) 
CEDAR PT. (CB) 
BERLIN H (CB) 

Fig. 23.3. Dendro
gram using modi
fied Rogers' genetic 
distance coefficients 
(Wright 1978) for 

FAIRPORT (CB) 
HATCHERY 
FERGUSON 
BRESSLER 
CHAMPLAIN 

the 13 populations 
of yellow perch. 0.16 0.14 0.12 0.10 0.08 0.06 0.04 0.02 0.00 



253 C H A P T E R 23 

Coregonus dupeaformis, Ihssen et al., 1981a). However, if 
no genetic variability is detected at an adequate number 
of loci, as was the case in the present study, it is difficult 
to determine the actual level of genetic diversity in a 
population. Stocks can be electrophoretically indistin
guishable, but still possess enough genetic heterogene
ity to allow morphological and physiological 
adaptations to various microenvironments (Utter 1981). 
This could be the case for yellow perch in Lake Erie, 
since tagging results have suggested stock structuring 
in this system (Rawson 1980). Therefore, observed elec
trophoretic differences are sufficient, but not necessary, 
for two fish populations to be genetically differentiated 
(Ihssen et al. 1981b). 

The most important observation derived from this 
study is the apparent low level or lack of genetic varia
bility in yellow perch from Lake Erie and other Ohio 
populations. Genetic polymorphism and heterozygosity 
are important attributes of wild populations; they pro
vide species with the means to better adapt to changing 
environments. It has been shown, for example, that het
erozygosity is directly correlated with reproductive fit
ness through increased growth rates and survival in 
certain marine molluscs (Singh 1984). Genetic mono
morphism is not a unique phenomenon in Lake Erie yel
low perch; it has been reported in the cave fish Astyanax 
mexicanus (Avise and Selander 1972) and Apache trout, 
Saltno apache (Allendorf and Utter 1979). Populations of 
these species seem to be examples of genetic "bottle
necks." Selander (1976) reported that the average per
cent polymorphism (P) in fish was 30.6% ± 4.7%, with 
an average mean heterozygosity (H) of 0.078 ± 0.012. 
All of the fish populations examined in the present 
study, including Oneida Lake and Lake Champlain, 
were well below these average values. Three possible 
mechanisms could explain the data. First, the addition 
of 33 monomorphic loci to the 21 loci that formed the ba
sis for Selander's (1976) calculations may account for 
much of the differences between our data and the aver
ages he reported for fish. Second, it is possible that the 
yellow perch possesses a "general purpose genotype" 
(Baker 1965) that is adapted to function in a broad range 
of habitats; Hatfield et al. (1982) noted that this condi
tion may translate into observed lower P and H values 
in wild fish populations. Third, the low diversity may 
be due to bottlenecking; however, available data do not 
provide evidence for previous drastic reductions in pop
ulation size. None of the above provide a plausible ex
planation for the low level of variation in the Ohio 
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yellow perch compared with the Oneida Lake-Lake 
Champlain samples. 

We believe that selective pressures directed at certain 
genetic loci may account for the low level or lack of ge
netic diversity observed in the Ohio fish. Variability was 
detected at six genetic loci (Alk P (Alkaline phospha
tase), IDH-1, MDH-1, MDH-2, PGM-1, and PGM-2) 
by Leary and Booke (1982), and at two additional loci 
(LDH-2 and PGI-3) in the present study. Therefore, it 
seems highly unlikely that all of the loci that were found 
identical in the Ohio fish were always genetically fixed 
and thereby functionally monomorphic. Although most 
Ohio fish contained only the "c" allele for PGM-2, one 
"be" heterozygote was identified in the central basin of 
Lake Erie. The same "b" allele and a third allele, "a" 
were found in yellow perch from Oneida Lake and Lake 
Champlain. As many as four alleles (a, b, c and d) were 
found at PGI-3 in Lake Champlain fish; all Ohio fish 
contained only the "c" allele. It is not unreasonable to 
suggest that strong allelic selection may have occurred 
at the PGM and PGI loci in the Ohio populations. Mit
ton and Koehn (1975) detected differences in allelic fre
quencies between mummichogs, Fundulus heteroclitus, 
from a control environment and individuals from an ar
tifically heated environment near the coast of Long Is
land, New York. Similar selection was observed for 
esterase alleles in the eel, Gymnocephalus cernua, at loca
tions receiving hotwater effluent from a nuclear power 
plant on the Swedish coastline (Nyman 1975). Smith et 
al. (1983) have emphasized the temporally dynamic na
ture of genetic characteristics. They recently docu
mented a short-term evolutionary response at MDH-1 
in the largemouth bass Micropterus salmoides. Two com
mon MDH-1 alleles in this species were found to have 
different thermal characteristics. The frequency of a 
thermally stable allele at this locus was increased in a 
population exposed to heated effluent from a nuclear re
actor. The same locus reverted back to the pre-exposure 
allelic frequency within 10 years following the elimina
tion of the thermal stress. Philipp et al. (1983) identified 
distinct latitudinal clines at four enzyme loci, also sug
gesting a genetic influence on thermal tolerances and 
preferences of largemouth bass. 

In controlled laboratory experiments, a direct cause-
and-effect relationship has also been shown between 
changes in allelic frequencies and potential selective 
agents. Nevo et al. (1981) demonstrated differential tol
erance of PGM genotypes of the Mediterranean shrimp 
Palaemon elegaus to variable mercury concentrations, 
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suggesting that PGM alleles are differentially adaptive. 
The PGM locus is affected mainly through competitive 
inhibition by heavy metals at sites, normally associated 
with magnesium ions, on the PGM enzyme molecule 
(Milstein 1961). In gastropods, PGI allozymes respond 
differently to varying zinc and copper concentrations 
(Lavie and Nevo 1982). To understand how these obser
vations relate to yellow perch in Lake Erie, a brief re
view of the past and present water quality of the lake is 
necessary. 

By the late 1960s, Lake Erie was often referred to as a 
"dead lake." Nutrient loading and contamination by 
numerous toxic substances (including Hg+ + Cu+ + and 
Zn+ +) drastically altered the biota of Lake Erie (Herden
dorf 1982). Because of a massive effort to improve water 
quality in the lake, Lake Erie is today showing strong 
signs of recovery (Fay 1982; Herdendorf 1982). Note
worthy in this recovery is the reduced contamination of 
the lake sediment and fish tissue by mercury. Mercury 
contamination of fish in the western basin was a major 
concern in the early 1970s (the same time that the St. 
Marys Fish Farm was becoming a yellow perch hatch
ery). In 1968, the mercury concentrations found in yel
low perch from the western basin of Lake Erie averaged 
0.84 ug/g; the value for 1976 was only 0.31 ug/g (Her
dendorf 1982). It has been speculated that the rapid de
cline of mercury levels in the fish resulted from the 
elimination of discharges from various point sources 
along the Detroit River, which enters the lake near Mon
roe, Michigan. Methylated mercury concentrates in the 
liver, kidney, and muscle tissue of fish (Bligh 1971; Mat
sumura et al. 1975). Other metals including copper and 
zinc also accumulate in yellow perch (Wilson and Wal
ters 1978). If numerous alleles (3-4) for the PGM-2 and 
PGI-3 loci were present in Lake Erie fish, as they are in 
Oneida Lake and Lake Champlain, selection favoring 
only the "c" allele may have occurred, thereby resulting 
in the monomorphic condition. Assuming allelic re
bound responses are typical in a short-term evolution
ary sense (Smith et al. 1983), the question arises as to 
why these events were not observed in the Lake Erie 
yellow perch. One explanation might be that PGM and 
PGI variability never occurred before the heavy metal 
perturbation. Another possibility is that insufficient 
time has passed, or that the selective forces have not 
been altered enough, to produce an allelic frequency re
versal. The most likely conclusion is that these alleles, 
under years of intensive pressure, have been lost or per
sist only in refugia. If these and other alleles have been 

lost, recent declines in yellow perch numbers may have 
resulted from the failure of the species to adapt to 
changes in the Lake Erie environment. Furthermore, 
this was probably not a direct result of the loss of alleles 
at one locus, but rather losses at several or many loci. 
Relationships between multiple locus heterozygosity 
and the energetics of growth in gastropods and clams 
have been found in two recent studies (Garton 1984; 
Garton et al. 1984). It may be that a lowering of overall 
physiological vigor and reproductive fitness by many or 
key allele eliminations has contributed to the recent de
clines in total yellow perch catches in Lake Erie (Anony
mous 1983a, b). Wells (1977) attributed yellow perch 
declines in Lake Michigan to competition with the ale
wife, Alosa pseudorurangus. A factor such as competition 
could lower population numbers; however, the demon
strated lack of genetic plasticity in the species must fig
ure prominently in any discussion of its recent 
abundance in the lake. 

Extending the scope of this study to include other yel
low perch populations in Ohio provided additional ge
netic information on the species. The importance of 
maintaining high genetic diversity in hatchery brood 
stocks is well documented (Hynes et al. 1981; Krueger et 
al. 1981). Loss of genetic variability, owing to a limited 
number of founders and the effects of genetic drift, has 
been reported in various fish hatchery stocks (Allendorf 
and Phelps 1980; Ryman and Stahl 1980). The lack of 
variability in the stock at St. Marys Hatchery may not 
have resulted from the loss of alleles in the hatchery, 
but rather from the fact that the founders (Lake Erie 
fish) possessed low levels of genetic diversity. The in
ability to establish breeding populations in systems such 
as Bressler and Ferguson Reservoirs may be one result 
of this low genetic variability. Variability was observed 
at the LDH-2 locus in the hatchery stock. In fact, the 
"a" allele at the LDH-2 locus could serve as a good ge
netic marker for fish raised in this hatchery. The same 
variability at LDH-2 was found only in fish from two 
sites (Bressler Reservoir and Ferguson Reservoir) that 
were stocked extensively with hatchery fingerlings. 
There are two possible explanations for this condition: 
(1) LDH-2 variability existed in Lake Erie fish at the time 
of formation of the hatchery stock, and was subse
quently lost in the lake fish or was sufficiently rare that 
we did not detect it in our subsequent sample, or (2) a 
mutation in one of the breeders resulted in the expres
sion of the "a" allele in the progeny. 

The yellow perch taken from Findlay #2 and Grand 
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Lake St. Marys were monomorphic for the 54 genetic 
loci that were examined. Sample sizes in each case were 
low; however, weather conditions and time limitations 
precluded more intensive sampling of the populations. 
The results for Findlay #2 were not unexpected, as this 
reservoir was last stocked with Lake Erie fish in 1974. 
The data on yellow perch from Grand Lake St. Marys 
were inconclusive. Fish in this system were isolated 
from Lake Erie sometime during the mid-1800s. Thus, it 
was assumed that a genetic reconstruction could be 
made from the St. Marys fish that would be somewhat 
indicative of the genetic structure of Lake Erie yellow 
perch before this isolation occurred, and before the spe
cies had been exposed to the sharp declines in water 
quality discussed earlier. Unfortunately, all of the 
Grand Lake St. Marys fish were genetically identical to 
the Lake Erie fish. It is clear that more St. Marys fish 
should be analyzed electrophoretically to be certain of 
the genetic structure of the population in this lake. Lake 
Erie and Grand Lake St. Marys may have shared selec
tive pressures that could account for the independent 
loss of genetic variation. Koehn and Mitton (1972) 
found, for example, that allelic selection patterns in two 
species of marine pelecypods were correlated under 
identical ecological conditions. 

Two key facts remain: (1) yellow perch show near ge
netic uniformity in Lake Erie and selected Ohio im
poundments, (2) yellow perch from other systems 
(Oneida Lake and Lake Champlain) are more variable. 
Although little is known of the effects of changing water 
quality on allelic frequencies, data from other studies 
suggest that a correlation exists between exposure to 
pollutants and reduction in genetic diversity. In the fu
ture, the restoration of genetic variation may become an 
important component of any program designed to reha
bilitate the yellow perch fishery in Lake Erie. 
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24 Genetic Differentiation and Nonrandom Mating in the 
Drosophila melanogaster Populations of the Lake Erie Islands 

MONTE E. TURNER


Evolution is a continuous process with speciation as an 
ultimate result of the differentiation of populations. In 
the study of evolution and speciation, individuals (or 
populations) showing all possible degrees of isolation 
can be found. Understanding the spatial, temporal, and 
reproductive relationships between individuals, in na
ture, is the ultimate goal in studying a population (Tay
lor and Powell 1983). Although all these data have not 
been obtained or may not be obtainable for any particu
lar population, certain of these relationships can be de
termined. Island populations are more amenable to the 
study of these relationships than mainland populations. 

While the oceanic islands such as the Hawaiian Is
lands exhibit the entire range of differentiation from di
vergent populations to new species (Kaneshiro and 
Kurihara 1982; Carson and Templeton 1984), the Lake 
Erie islands and their populations would seem to have 
the potential to study the beginnings rather than the 
ends of population differentiation. Distance between 
the Erie islands and the mainland should reduce migra
tion between populations. Since Drosophila melanogaster 
probably overwinter as adults (Lumme and Lakovaara 
1983; Tucic 1979), the weather, particularly winter, may 
have a significant effect in shaping these populations. 
Drosophila populations which have expanded during the 
summer months would be reduced to a small overwin
tering population which then founds the next summer's 
population. In this way, these island populations are 
subject to recurrent flush-crash episodes, a type of pop
ulation structure which can result in genetic and behav
ioral differentiation (Powell 1978) and ultimately 
speciation (Carson 1968, 1971,1973, 1975; Carson and 
Templeton 1984). 

Drosophila melanogaster is a cosmopolitan species, usu
ally a commensal to human habitation. Studies have 
demonstrated that D. melanogaster has the potential to 

disperse up to 8 km in a 24-hour period (Yerington and 
Warner 1961), but in "good" habitats or environments 
individuals can be extremely sedentary, moving less 
than 6 m (Wallace 1970). Wallace (1968) referred to D. 
melanogaster population structure as a "bed of nails" re
sulting from reduced dispersal; this type of structure 
would be exaggerated rather than reduced in an island 
system. Founder effects and reduced dispersal have the 
potential to differentiate and isolate island populations. 
There is apparently no worldwide reproductive isola
tion in D. melanogaster (Henderson and Lambert 1982). 
Why D. melanogaster populations have not differentiated 
is not understood, but several reasons have been sug
gested (Templeton 1980). 

This report presents genetic, behavioral, and biogeo
graphic data from the D. melanogaster populations of the 
islands of western Lake Erie. What have been the re
sults of this flush-crash population structure on a micro-
geographic scale, as opposed to the classic results from 
oceanic islands? 

Materials and Methods 

Collections: 

Drosophila were collected using fermented bananas as 
bait (cf. Carson and Heed 1983) from seven islands on 
Lake Erie (South Bass, Gibraltar, Middle Bass, Green, 
North Bass, Rattlesnake, and Kelleys) and one mainland 
population (East Harbor). Two additional mainland 
sites were sampled by sweeping a collecting net over 
the refuse containers of two fruit stands, called Fruit 
Stand 1 and Fruit Stand 2, off Ohio Highway 153 (fig. 1). 

Collected D. melanogaster females were isolated in in
dividual vials containing standard cornmeal-molasses 
Drosophila media and allowed to oviposit. In this way, 
each collected female inseminated in nature established 
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Fig. 24.1. Map showing location of collecting sites. 1. Fruit Stand 
1; 2. Fruit Stand 2; 3. East Harbor; 4. Kelleys Island; 5. Green 
Island; 6. South Bass Island; 7. Gibraltar Island; 8. Middle Bass 
Island; 9. Rattlesnake Island; 10. North Bass Island. 

an individual isofemale line. Collected males were fro
zen at -70° C until an electrophoretic analysis could be 
completed. 

Electrophoresis: 

Using the methods of Schaal and Anderson (1974) 
starch gels were run and scored for the Esterase-6 geno
type. Esterase-6 is a highly polymorphic enzyme in D. 
melanogaster populations (Cochrane and Richmond 
1979). To increase sample sizes of the smaller collections 
five offspring of females collected from nature were 
electrophoresed and their genotypes used to infer the 
genotypes of both male and female parents (Arnold and 
Morrison 1985). 

Mating Behavior: 
One isofemale line from Gibraltar Island, one from Rat
tlesnake Island, and one from Fruit Stand 1 (a mainland 
collection) were selected at random for an analysis of 
mating behavior. Virgin females and males were col
lected from each line chosen. These virgin females and 
males were aged apart for 4-6 days prior to setting up a 
female choice experiment. Twenty-four hours prior to 
the experiment the aged virgin males were etherized 
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and either the right wing tip clipped or examined for 
normal wing structure. The strain in which the wing 
was clipped was rotated in such a way that all crosses 
had equal numbers of clipped and undipped males of 
each tested isofemale line. 

After a 24-hour recovery period for the males, indi
vidual virgin females were isolated with two males in a 
glass shell vial (65 mm x 188 mm) with instant Droso
phila food (Carolina Biological Supply). In each vial one 
of the two males was from the same isofemale line as 
the female and one male from another isofemale line; 
wing clipping allowed identification of each male's ori
gin. The vials were observed and when a mating oc
curred the nonmating male was removed, etherized, 
and examined for a clipped or undipped right wing. In 
this way the isofemale line of the mating male could be 
inferred. Any female and two-male combination that 
had not mated after two hours was discarded (over 60% 
of females mated in this two-hour period). For each 
cross (table 2) 50 matings were observed with one iso
female-line's male clipped and 50 matings with the 
other isofemale-line's male clipped. 

The number of homogamic matings (female and mat
ing male from same isofemale line) were totaled for each 
cross. The statistical significance of these totals was 
tested using the formula (Kaneshiro 1976) 

C = 2VN(p-0.5), 

where p equals the proportion of homogamic matings 
and N equals the total number of matings (homogamic 
puls heterogamic). The 5 percent level of significance 
occurs when ICI>1.96. 

Results 
The Drosophila species collected and their frequencies 
are summarized in table 1. Frequencies for the two sib
ling species D. affinis and D. algonquin are combined and 
analyzed together since females of these spedes cannot 
be discriminated from each other. Males of these spe
cies, which can be discriminated (Sulerud and Miller 
1966), were 90 percent D. affinis and 10 percent D. algon
quin (totaled over all collecting sites). In general the two 
most common species at each collecting site were D. me
lanogaster and the D. affinis-D. algonquin group. Al
though these latter species were not found in the two 
mainland fruit-stand collections, East Harbor, another 
mainland collection, was primarily D. affinis-D. algon

http:ICI>1.96
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Table 24.1 Drosophila Species Collected and Their Frequencies among the Mainland and Lake Erie 

Island Samples 

D. affinis & 
D. melanogaster D. algonquin D. tripunctata D. immigrans Other n 

Fruit Stand (1) 0.95 _ — — 0.051 40 

Fruit Stand (2) 0.83 - - - 0.031'6 30 

East Harbor (3) 0.06 0.91 - 0.02 0.026 67 

Kelleys (4) 0.22 0.48 0.04 - 0.262'3'6 23 

Green (5) 0.11 0.33 0.33 0.11 0.114 9 

South Bass (6) 0.27 0.54 0.11 0.04 0.045 71 

Gibraltar (7) 0.05 0.93 0.01 - 0.014 111 

Middle Bass (8) - 0.88 0.13 - - 8 

Rattlesnake (7) 0.83 0.11 - 0.06 - 18 

North Bass (10) 1.00 

Notes: Numbers in parentheses refer to collection sites on figure 1. n equals total number of individuals collected. Other

includes lD. hydei, 2D. buskii, 3D. robusta, 4D. americana, 5D. falleni, 'undiagnosed.


quin. The primary difference between these mainland Est = 6110 allele at the Esterase-6 locus in D. melanogaster. 
collections is that the habitats differ. Since D. melanogas- There are significant differences between collecting sites 
ter is worldwide in distribution and commensal with (X2= 9.56, df = 4; p < .05) in their Esterase gene fre
man, it is not surprising that the fruit-stand collections quencies. These data put the collecting sites into two 
were primarily D. melanogaster. The East Harbor collec- groups: one with high frequencies of Est-6110 (East Har
tion site is a forested area more conductive to the D. af- bor and Gibraltar Island) and the other with low fre
finis-D. algonquin species (Patterson and Stone 1952). quencies of Est-6110 (Fruit Stands, South Bass Island, 

Looking at these two groups, D. melanogaster versus and Rattlesnake Island). Both sites with high frequen-
D. affinis-D. algonquin, a whole range of frequencies can cies of Est-6110 are also samples with low frequencies of 
be seen in the samples of this region. D. melanogaster fre- D. melanogaster (table 1). This may indicate some habitat 
quencies range from over 80 percent in samples from isolation that has allowed genetic divergence in these 
Rattlesnake Island and the two mainland fruit stands to areas. 
less than 10 percent in the East Harbor, Gibraltar Island, In the mating experiments, there was no significant 
North Bass Island, and Middle Bass Island collections. effect of the wing clipping. Of the 600 total matings 305 
While the D. affinis-D. algonquin group shows the re- were with a clipped male and 295 with an undipped 
verse trend, being high in East Harbor, Gibraltar Island, male. 
Middle Bass Island, and North Bass Island and in low In the tests of mating behavior on the isofemale lines 
frequency at Rattlesnake Island and the two mainland from Gibraltar Island, Rattlesnake Island, and Fruit 
fruit-stand collections. Stand 1, a significant excess of homogamic matings was 

Small sample sizes in the collection prevent any spec- observed (p = 0.557 C = 2.19) (table 3). This increase 
ulation on the appearance or pattern in any of the rarer was the result of significant nonrandom mating be-
species. Overall, the most instructive conclusion is that tween females of the Gibraltar Island isofemale line and 
these populations are very different in the frequencies males of the Rattlesnake Island and Fruit Stand 1 iso
of the most prevalent species. Even if the two fruit- female lines. Females from both Rattlesnake Island and 
stand populations are excluded, the range of frequen- Fruit Stand 1 mate at random regardless of the origin of 
cies vary greatly from island to island. the competing male, while Gibraltar Island females pre-

Table 2 summarizes gene frequency data for the fer Gibraltar Island males. This pre-mating behavior 
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preference is asymmetrical, a result not unexpected in 
studies with Drosophila species (Kaneshiro 1976; Gid
dings and Templeton 1983). This behavior is genetic as 
experiments differing by five generations give the same 
results. Results in table 3 are totals over five genera
tions. The collections are meant as geographic samples 
and as such come from a wide range of habitats. The as
sumption is that collected individuals are native to the 
geographical area of the collection, although the poten
tial exists that emigrants have been sampled. The wide 
range of proportions of D. melanogaster in these samples 
(table 1) illustrate how different, as perceived by D. me
lanogaster, these habitats seem to be. Artificial habitats 
such as the fruit stands are classic D. melanogaster habi
tats, while the more "natural" habitats have a smaller 
frequency of D. melanogaster. Although sample sizes are 
small for some collections, others deserve discussion. 

Table 24.2 Gene Frequency for the EST-6110 Allele in 
the Lake Erie Island and Mainland Populations 

Collection EST-61 

Fruit Stands (1 + 2) 0.39 62 
East Harbor (3) 0.57 14 
South Bass (6) 0.28 40 
Gibraltar (7) 0.65 20 
Rattlesnake (9) 0.38 24 

Note: Numbers in parentheses refer to map in figure 1 and n 
equals number of alleles sampled. 
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The South Bass and Gibraltar Island samples (fig. 1) are 
only separated by approximately 300 m, but there is a 
significant difference in the proportion of D. melanogas
ter collected in each area. The Esterase-6 allele frequen
cies for these two areas (table 2) are also significantly 
different (x2 = 7.81, 1 degree freedom). These are ap
parently two separate populations at least partially iso
lated genetically from each other. These two sites, 
South Bass Island and Gibraltar Island, are the closest 
samples to each other and 11 other samples are further 
apart (fig. 1). 

The Esterase-6 data (table 2) demonstrate that the is
land and mainland regions sampled are not a single 
panmictic D. melanogaster population. The spatial ar
rangement of the islands and presumably the reduced 
dispersal of D. melanogaster have subdivided the popula
tions to the degree that significant genetic differences 
are maintained by this spatial isolation. Additionally, re
sults from an analysis of mitochondrial DNA restriction 
fragment length variation of these samples demonstrate 
significant differences between the island and mainland 
populations (M.E. Turner and C.F. Aquadro, unpub
lished data). Even though D. melanogaster individuals 
have the potential for dispersal between these popula
tions, results indicate gene flow is restricted in such a 
way that isolates do occur. 

In studies of mating behavior, genetic differences in 
male activity can mimic reproductive isolation (Spiess 
1970). These current data are not the result of male ac
tivity differences as shown by a closer examination of ta
ble 3. The conflicting assumption would be that 
Gibraltar Island males are more active and engage in 

Table 24.3 The Frequency of Homogamic Matings for Choosing 
Female Crosses 

Female 

Competing
Gibraltar

 Male 
Rattlesnake Fruit Stand 1 

Gibraltar Island 
Rattlesnake Island 
Fruit Stand 1 (mainland) 

0.48 

0.52 

0.62* 

0.58 

0.66* 
0.48 

* p <0.05 
Note: In each cross one male was from same isofemale line as the female and the 

other (competing) male from another isofemale line. 100 matings were observed for each 
cross. 
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more matings than Fruit Stand 1 or Rattlesnake Island 
males; this is seen as an increased homogamy with the 
Gibraltar Island females. The results with the other two 
types of females are not consistent with this assump
tion. The prediction from increased Gibraltar Island 
male activity would be a decrease in homogamic mat
ings for Rattlesnake Island and Fruit Stand 1 females 
when Gibraltar is the competing male. In fact, from 
table 3 there are equal numbers of homogamic and het
erogamic matings with these females, a result not con
sistent with a male activity hypothesis. These results as 
a whole are consistent with a hypothesis of nonrandom 
mating resulting from differences in female preference. 

When isolated populations experience recurrent bot
tlenecks and increases in numbers, reproductive isola
tion can arise (Powell 1978). This outcome is not the 
result of selection but a fortuitous association of genes 
affecting mating behavior. The finding of a system of 
nonrandom mating among the Lake Erie island samples 
is consistent with the theoretical (Carson 1968,1971, 
1973, 1975) and experimental (Powell 1978) results. The 
surprising finding is that this system occurred between 
Lake Erie island samples of D. melanogaster but not be
tween any worldwide samples (Henderson and Lam
bert 1982). 

The tests of pre-mating isolation using a variety of 
worldwide populations by Henderson and Lambert 
(1982) were populations choice experiments (Giddings 
and Templeton 1982) rather than the female choice ex
periments as reported here. This alone may account for 
the differences between their results and those from the 
Lake Erie islands. Pre-mating differences have arisen in 
certain laboratory stocks of D. melanogaster as a fortui
tous result of artificial selection for other traits (Markow 
1981). In addition, the size and structure of these island 
populations may increase the opportunities for such dif
ferences to arise. These mating behavior tests have been 
done with single isofemale lines from each of the three 
collecting sites. The resulting reproductive isolation 
may be properties of the specific lines and not indicative 
of the populations sampled. In this case each of these 
individual populations may be polymorphic for genes 
affecting mating behavior and capable of causing repro
ductive differentiation. The possible result of such poly
morphic genes in small isolated populations, like those 
on the Lake Erie islands, with a founder-flush structure 
would be populations reproductively isolated from each 

other as populations become randomly fixed for oppo
site mating behaviors. 

The nonrandom mating identified is asymmetric (one 
type female has a preference, while others do not). Ka
neshiro (1976) has stated that using these asymmetries, 
the direction of evolution can be determined. This hy
pothesis assumes that during or following founding 
events some determinants of mating behavior are lost. 
This loss results in the derived females accepting either 
derived or ancestral males while ancestral females only 
accept ancestral males. This hypothesis was suggested 
from studies on the reproductive relationships of the 
Hawaiian Drosophila (Giddings and Templeton 1983) 
which have a population structure similar to that pre
sumed for the Lake Erie islands. In this analysis the Gi
braltar Island population would be considered ancestral 
and Fruit Stand 1 and Rattlesnake Island the derived 
populations. 

Changes in the assumptions of the Kaneshiro model 
lead to opposite conclusions as to derived and ancestral 
populations. Watanabe and Kawanishi (1979) proposed 
that the derived females do not mate with the ancestral 
males, although the populations they tested did not 
have the proper populations structure for the Kaneshiro 
model (see discussion in Giddings and Templeton 1983) 
to apply. Applying this model to the current data Gi
braltar Island would be derived and Fruit Stand 1 and 
Rattlesnake Island, the ancestral populations. At this 
point the Lake Erie islands data cannot be used to differ
entiate between the two models, as there is no inde
pendent data as to the evolutionary history of the tested 
populations. 

Conclusions 
The results of genetic and biogeographic data illustrate 
the population structure in the D. melanogaster popula
tions of the region. Both mainland and island popula
tions are isolated from each other; even within the 
islands geographically close samples show significant 
genetic differentiation. A result of this isolation and 
possibly a flush-crash system is significant nonrandom 
mating. This nonrandom mating is demonstrated in a 
choosing-female experiment by an increased homog
amy in some isofemale lines. This is true female prefer
ence and not a result of male vigor. The situation for 
these islands is consistent with the results predicted 
from studies on oceanic islands. 
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PAULA. FUERST


The concept of the population as a solitary entity has 
been an important one throughout the history of popu
lation genetics. The species is often considered as a sin
gle panmictic unit in population genetics theory. 
Attempts at the application of population genetic theory 
have often depended upon an assumption that gene fre
quencies could be determined in a population, and that 
the forces which act to direct changes in gene frequency 
can be estimated. In practice, this has proven to be diffi
cult. As a result, because of their physical isolation, 
islands provide some of the best opportunities for exam
ining the validity of population genetic theories. On an 
island, the population can be defined and the complex
ity of forces which affect levels of genetic variability can 
be simplified. 

The island population, as a concept, is obviously the 
epitome of the finite population. As such, differences 
between island populations, which must of necessity 
have a defined upper size, with populations from conti
nental regions, which may be several orders of magni
tude larger, allow the testing of some of the predictions 
of stochastic theory. It is surprising that the island pop
ulation does not seem to have played an especially im
portant role in the neutralist/selectionist controversy, 
and the reasons for this are not clear. 

When a population goes through a "bottleneck" in 
size (i.e., spends one or more generations at a small 
size), it will lose much of the genetic variability that ex
isted prior to the bottleneck. Island populations are 
more susceptible to bottlenecks than are mainland pop
ulations, simply because of their smaller initial popula
tion size, which is due to the circumscribed area 
occupied by the island population. 

When considering continental shelf islands, two addi
tional factors may contribute to the genetic differentia
tion of the island population. If the island population 
were formed as a relict population when the continental 
shelf island was formed, genetic drift will be the most 

important force changing gene frequencies. On the 
other hand, if the island population were the result of a 
migrational introduction, the initial sampling event at 
the time of founding will be the most important factor 
shaping the genetic makeup of the population. 

The initiation of a population on an island, whether it 
comes about by migration of a founder(s) or by creation 
of a relict population through a severance of physical 
contact with the continent, results in certain forces act
ing to effect genetic changes. Most of these changes are 
the result of the sampling of the genetic constitution of 
the source population that founds the new island popu
lation. This sampling, whether it be called founder ef
fect (Mayr 1963) or bottleneck effect (Nei, Maruyama, 
and Chakraborty 1975), will act to reduce genetic varia
tion, and to redefine the genetic selective interactions 
that can take place between the remaining variants. 
Electrophoretic data, summarized below, indicate that 
these changes do occur. Comparisons of morphological 
evolution in island populations indicate that they are 
often marked by distinct morphological changes which 
are not always attributable to adaptation to the island 
environment. Many such changes, in fact, seem more 
appropriately to be attributed to the sampling of genetic 
variants that will occur (even for quantitative, polygenic 
traits) when a founder event occurs (Berry 1964; Kilpat
rick 1981). 

The Concept of Migration for the Island Population 
There is an important consideration in the use of islands 
as observational models for population genetics, i.e., 
all islands are not created equal. There are at least two 
major forms of islands: continental shelf islands and 
oceanic islands (Williamson 1981). There should also be 
a third grouping of habitats which may form a type of 
island; these are the habitat islands (Kilpatrick 1981), 
and may also include caves and lakes (Culver 1982). The 
primary difference among these forms of islands is the 
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potential for immigration of genes from a source popu
lation on the mainland. Oceanic islands can basically be 
considered to have little or no immigration, continental 
shelf populations have a very limited amount of migra
tion, and habitat islands may have an even greater level 
of migration because of easier movement of individuals 
over terrestrial habitat compared to aquatic environ
ments. The islands of Lake Erie fall into the group, con
tinental shelf islands. 

The concept of islands has formed a framework for 
some of the earliest model systems used to investigate 
the effects of gene exchange between populations. 
Wright's "island model" (1940,1951) is one of the most 
extensively investigated theoretical models incorporat
ing both selection and migration. In many ways, it epit
omizes the approach taken by population genetics to 
the consideration of the "island." The species is thought 
of as being composed of a number of subpopulations, 
largely isolated from one another, but each subpopula
tion receiving some migrants each generation. Migra
tion into a subpopulation takes place at random from all 
remaining populations, so that there is no explicit ac
counting for distance. The model was one of the first to 
be capable of defining the magnitude of selective differ
ences and the magnitude of migrational exchange which 
•vill lead to the extremes of isolation or panmixis in the 
species as a whole. 

In many respects, migration, although the most im
portant factor in Wright's island model, is actually a 
rather unimportant factor in the evolution of many is
land populations. We may actually more appropriately 
consider the lack of migration to be the overriding pa
rameter. Especially in the case of oceanic islands, migra
tion can be ignored. In such situations, the analysis of 
natural populations and the application of theory to this 
analysis become simplified. In the case of continental 
shelf islands, or habitat islands, lakes, and caves, the 
measurement of migration becomes more important 
(and more difficult). 

The occurrence of unique alleles in continental shelf 
islands (Kilpatrick 1981) suggests an interplay between a 
low, but continuing, immigration of continental alleles, 
a low input of new alleles by mutation, and a specific set 
of selection pressures unique to the island population. 
This same interplay may not occur in oceanic islands 
where there does not seem to be that same number of 
unique alleles found in populations that can be be com
pared to conspecific continental populations. Since mu-
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tation rates should be similar in the two cases, the 
reason for this difference in the occurrence of unique al
leles is unclear (Kilpatrick 1981). The marked occurrence 
of endemic island species on oceanic islands, however, 
points up the ability of populations to adapt to such 
habitats, and, of course, to adapt by acquiring unique 
alleles compared to the source population. 

Levels of Genetic Variability in Island Populations 
One of the most direct ways of measuring genetic varia
bility existing within natural populations has been the 
use of protein electrophoresis. This methodology has 
now been applied to over 1,000 species of plants and an
imals (see reviews in Fuerst, Chakraborty, and Nei 1977 
and Nevo, Beiles, and Ben-Schlomo 1984). Although 
there is some question concerning the exact percentage 
of the extant genetic variation which electrophoresis de
tects, the large amount of data collected from a diverse 
group of organisms makes it the method of choice for 
comparing island populations with continental 
populations. 

Some comments are necessary in order to place the 
data in a context that can explain alterations in genetic 
variability that may be due to an island habitat. In gen
eral, the measure of genetic variability most widely used 
is the average heterozygosity (also referred to as gene 
diversity). This is a measure of the expected proportion 
of heterozygous individuals in a population exhibiting 
Hardy-Weinberg genotypic proportions and the ob
served allele frequencies in the sample. The contribu
tion of an allele to the measured level of heterozygosity 
is greatest for alleles with an intermediate frequency (for 
instance between 0.2 and 0.8 allele frequency in the 
population). Such alleles have been found to occur rela
tively rarely in natural populations (Chakraboty et al. 
1980). Most loci have a common allele (frequency 
greater than 0.8) and one or more rarer alleles; in fact, 
the majority of loci in a large proportion of natural pop
ulations have a predominant allele which has a fre
quency greater than 0.95. Such loci contribute in a 
relatively small way to total heterozygosity. 

Similarity of Genetic Variability in Newly 
Established Populations because of Gene 
Frequency Distribution 
When a population goes through the sampling which 
occurs at the time of a bottleneck, the pattern of allelic 
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loss will not be the same at all loci. The majority of loci, 
which contain a predominant allele and some rare al
leles, will tend to become homozygous, with the loss of 
the rare alleles. This will have a minor effect on reduc
ing genie heterozygosity. Those loci which contained 
two alleles with intermediate frequency will tend to re
tain both alleles, and they will tend to remain intermedi
ate in frequency. This will result in relatively small 
losses of genie heterozygosity overall, unless the bottle
neck is unusually severe. Theoretical studies of the ge
netic effects of bottlenecks were first performed by Nei, 
Maruyama, and Chakraborty (1975), and subsequently 
expanded by Maruyama and Fuerst (1984). We shall 
consider first the overall loss of genetic variability, and 
then consider how the allele frequency distribution has 
shaped the pattern of loss in some island populations. 

Loss of Average Genetic Variability 
A number of populations inhabiting islands have been 
studied using protein electrophoresis. Some of the data 
have been summarized in the reviews of Kilpatrick 
(1981), Culver (1982), and Nevo et al. (1984). Island pop
ulations as a group do not necessarily have lower levels 
of genetic variability. This seems to be particularly true 
of species which are strictly island dwelling, especially if 
they are island endemics. Many of these species seem to 
have levels of genetic variability equal to or greater than 
many continental species in related taxa (see, for exam
ple, the studies of the Anolis lizards summarized in Gor
man and Kim 1976). 

When conspecific populations inhabiting island and 
continental habitats are compared, the situation is seen 
to reflect some of our expectations concerning island 
populations. The island populations, especially in mam
mals, exhibit lower levels of genetic variability. Kilpa
trick (1981) reports that in twelve comparisons, levels of 
heterozygosity were between 4.6% and 90% reduced in 
island populations. Among eight comparisons which in
volved close congeneric pairs, seven comparisons 
showed reduced variation in island population, with an 
average reduction of heterozygosity of 77%. 

Similar results can be seen for other terrestrial verte
brate taxa (for one example in lizards, see Gorman et al. 
1975). It is not clear whether a pattern exists for birds, 
since relatively few comparisons involving island and 
continental species have been made, and because levels 
of genetic variability seem to be slightly lower in birds 
than in terrestrial mammals (Nevo et al. 1984). For 

fishes, species inhabiting isolated lakes, such as the rift 
valley lakes of Africa and the Sea of Galilee, seem to 
have low levels of genetic variability (Kornfield et al. 
1979, Eschelle and Kornfield 1984). Comparisons involv
ing isolated and nonisolated populations of fishes have 
not been reported, however. 

It is even less clear whether there is a relationship be
tween island habitat and genetic variability (measured 
by electrophoresis) for invertebrates. Among insects, 
Drosophila populations inhabiting islands seem to ex
hibit the same spectrum of variability as seen in conti
nental populations (Yang, Wheeler, and Bock 1972; 
Ayala 1975). Other species show declines of genetic var
iability in island populations, for example, the spittle
bug Philaenus spumarius (Saura, Halkka, and Lokki 1973) 
and the Mediterranean fruit fly, Ceratitis capitata (Huet
teletal. 1980). 

Nevo et al. (1984) produce a single table comparing 
levels of genetic variability in island and continental 
populations of the same species (their table 5). It is diffi
cult to determine exactly which species they have in
cluded in the table, since there seem to be potentially 
more pairs of comparisons than they have included in 
the table. An examination of the data presented shows 
slight decreases in the mean of average heterozygosity 
and percentage of polymorphic loci, when that mean is 
calculated over the various species included in the anal
ysis. The study is not as carefully done as that of Kilpat
rick (1981), and the authors have concluded that the 
decreases are not significant (based on consideration of 
the standard deviations of heterozygosity over the 
species). 

The Effect of the Allele Frequency Distribution on 
Genetic Loss 
In addition to the reduction of heterozygosity in island 
populations, the distribution of this heterozygosity over 
different loci is altered. One aspect of this alteration is 
the increase in the percentage of essentially mono
morphic loci in populations on islands. In mammals, 
Kilpatrick (1981) showed that there was a significant in
crease in monomorphic loci for both continental shelf 
and oceanic island populations compared to conspecific 
mainland populations. 

The pattern of this loss is important as well. In the 
only electrophoretic study so far published on Lake Erie 
populations, Browne (1977) showed that there was only 
a slight decrease in average heterozygosity in island 
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populations of Peromyscus leucopus (0.071 for islands ver
sus 0.080 for mainland). There was a decrease in the 
number of polymorphic loci in all three island popula
tions, and only a single rare allele from the mainland 
populations was found in the island populations. The 
surviving polymorphic alleles in the island populations 
had all appeared at intermediate frequencies in the 
mainland, and consequently could easily be sampled in 
founding the island populations. 

A similar effect is seen in a more detailed study of re
peated, serial colonizations carried out by the Mediter
ranean fruit fly (Huettel et al. 1980). Two different levels 

of colonization can be followed, first from source Afri
can population to the Mediterranean basin, followed by 
subsequent colonizations to various other populations 
such as Australia and Hawaii. The data given in figure 1 
illustrates that the pattern of genetic loss following dif
ferent colonizations preserved the same intermediate 
frequency alleles in all populations, with the loss of al
most all rare alleles. This pattern of allelic loss will result 
in island populations which are serially founded ap
pearing similar to one another for their electrophoretic 
genotypes, an observati6n which has been noted by Kil
patrick for some mammalian populations. 
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Other Concepts of Islands 

Besides the traditional island (land surrounded by 
water), it is important to emphasize that other genetic 
islands occur. These are found in cave populations 
(summarized by Culver 1982), and in isolated freshwa
ter lakes (such as the East African rift valley lakes), 
mountain-top habitats, and to a small degree in some 
isolated refugial habitats which were formed by the re
treat of glaciation events in the northern hemisphere. 

Culver has noted that the pattern of genetic loss for 
electrophoretic variation in cave populations is not as 
consistent as for true island populations. This may be 
because of the possibility of greater levels of genetic mi
gration for such populations, or because of difference in 
the selective pressures which occur in caves. 

The island model of population genetics has recently 
taken on even greater importance because of the anal
ogy which can be made between an island and the man
aged habitat of many endangered species. The species 
may be in a managed reproduction environment, such 
as a zoo, in which migration is between different islands 
(zoos) with rare input from a source population. Alter
natively, the habitat may be fragmented into small iso
lated or partially isolated units, with limited size, and 
limited potential for genetic interchange (Harris 1984). 

Models of Speciation/Founder Effect 
The island model has formed an important framework 
for the recent production of models of speciation. The 
work of Carson and his coworkers on the Hawaiian Dro
sophila has led to the suggestion that founder effects 
may lead directly to a particular pattern of genetic 
change directly responsible for speciation (Carson and 
Templeton 1984).The generality of this model of island 
speciation has not, however, been completely accepted 
(Barton and Charles worth 1984). Discussion of such 
models is beyond the scope of this summary. 
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Sinkholes, 15 
Skunk, striped, cross-ice movements, 187, 190; mode of immi

gration, 193; Thousand Island region, 192 
Small Rattle Island, 108 
Smelt, rainbow, 166, 167 
Snake, garter, activity patterns, 236; color polymorphism, 233; 

enzymatic variation, 233; fecundity, 237; growth, 238; life his
tory, 233; litter sizes, 237; melanism, 233, 240, 241; melanism 
and temperature, 236, 242; morphology, 236; population dy
namics, 235; survival, 239; thermoregulation, 237 

Snakes, distribution, 128, 132 
Snakes, water, polymorphism, vii 
South Bass Island, air temperature, 26; area, 33, 108, 146; geol

ogy, 14, 15, 16; isopods, 108; mammals, 146, 147, 148; rainfall, 
27; reptiles, 128, 132; shore length, 33; snakes, 128, 132; spi
ders, 115, 120, 121 

Species area, models, 98, 99; reptiles, 129, 130 
Species flocks, fish, 4 
Species turnover, spiders, 113 
Spiders, distribution, 115, 120, 121; extinction, 113; immigration, 

113; species number, 112, 113, 121 
sport fishing, 17 
Squirrel, fox, 155 
Squirrel, grey, 154, 192; cross-ice movements, 187, 190; mode of 

immigration, 193 
Squirrel, red, 154, 192; cross-ice movements, 187, 190; mode of 

immigration, 193 
Squirrel, southern flying, 192, 193 
St. Lawrence River islands, vascular plants, 102 
Starve Island, area, 33, 108; geology, 15; isopods, 108; shore 

length, 33; spiders, 115, 120, 121 
Sturgeon, lake, extinction of, 168 
Succession, 199, 208, 221 
Sugar Island, area, 33, 108, 146; geology, 14; isopods, 108; mam

mals, 146; shore length, 33; spiders, 115, 120, 121 

Teays River, 17, 18 
Tern, common, breeding sites, 135, 137, 139; population 

changes, 139 
Texas, 5 
Thousand Island region, mammals, 186 
Toledo Harbor Dike, waterbird species, 135 
Trees, shade tolerance, 211 
Turtles, distribution, 128, 132 

U 
Ulothrix, 67, 68; distribution, 68 
Unionids, abundance, 76; distribution, 78, 87; extinction, 73; 

hosts of larvae, 56 
Unisexual populations, salamanders, vii 

Vascular plants, 101, 102; local extinctions, 97; Lake Ontario 
islands, 102; St. Lawrence River islands, 102 

Vegetational change, model, 215 
Vineyards, biomass, 208; light regime, 210; management of, 

210; ordination of, 202; relative abundance of species, 203; 
species present, 207; stem demography, 204 

Vole, meadow, cross-ice movements, 187, 190; occurrence, 
146, 155, 192; mode of immigration, 193 
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W 33; spiders, 115, 120, 121; waterbirds, 135 
Walleye, 173-174 Whitefish, lake, commercial extinction, 171; effects of pollu-
Waterbirds, see various species; diet, 141; distribution, 135; tion on, 170 

human impacts on, 141; management of, 142 Woodchuck, 192, 193 
Weasel, long-tailed, 192, 193 
Weasel, short-tailed, 192, 193 
West Rattle Island, spiders, 115, 120, 121 
West Sister Island, area, 33, 108, 146; geology, 15, 17; iso- Z 

pods, 108; mammals, 146; reptiles, 128, 132; shore length, Zooplankton, abundance, 48, 53, 55 
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